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FoR POPULAR ASTRONOMY. 


Injury of Plates from Dawn or Twilight and Moonlight. 

Serious injury to, or total loss of, important comet plates may 
occur by beginning the exposure too early in the evening or 
prolonging it too late in the morning. Such plates, which 
sannot be properly developed, would otherwise, with a few 
minutes less exposure, have made satisfactory negatives. It is 
difficult to tell when to begin or toclose the exposure in such 
cases. The safest plan would be not to begin or continue the 
exposure while there is any sky illumination. This is seldom 
practicable, however, in the case of a bright comet which is 
never very far from the sunset or sunrise points. Any rules to 
regulate the beginning or ending of the exposure that would 
work with certainty would be very valuable. Such rules, how- 
ever, can only be given approximately, and if adhered to too 
rigidly might cause the loss of a plate. The position of the 
comet with respect to the point of sunrise or sunset, the pure- 
ness of the atmosphere at the time and freedom from any trace 
of haze are vital factors in such exposures. The best of all rules 
is the judgment of the observer at the moment. To one who 
has had experience in this class of work a glance at the sky will 
tell him very closely when there is danger. Few observers, how- 
ever, have had this experience. It is my purpose, theretore, to 
aid as much as possible those who will need such information. 
I have tried to formulate some set rules that would be dependent 
on the local time and the position of the comet, but these have 
been finally rejected as dangerous. So much would depend on 
the purity of the atmosphere at the time, the size and light 
ratio of the lens, the kind of plate used, etc., that they would 
probably lead to the very errors against which we wish 
to guard. 
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In this investigation I have roughly determined the altitude 
of the comet. and the depression of the Sun for eight photo- 
graphs which I have taken of Giacobini’s comet 1905 c and of 
sixteen of Daniel’s comet 1907 d, all of which were made on Seed 
27 Gilt Edge plates; for nine of Morehouse’s comet and for seven 
of the region of Halley’s comet, these last two sets being on 
Lumiére Sigma plates. As these results may aid in judging the 
effect of the sky illumination in photographing Halley’s and 
other comets, I have collected them here in tabular form with 
notes on the condition of the plates, etc. In studying these 
tables it must be remembered that the maximum effect of sky 
illumination would be when the comet was vertically above the 
Sun. If twenty degrees or more distant in azimuth from this 
point, however, it would of course allow a somewhat longer 
exposure with safety. 

The notes in the last column of the tables refer to the condi- 
tion of the negatives made with the six-inch portrait lens of the 
Bruce telescope. Those with the ten-inch lens consistently show 
less fogging effect. With a small lantern lens the danger from 
a dawn-lit or otherwise illuminated sky is still greater. 


CoMET c 1905 (GIaAcoBINI). 
Date Sid. Depres- Dura- 
Time Comet Alti- sion of tion of 
a 5 tude theSun Exposure Remarks 
hm h _m m ‘ h m 
1905 Dec. 25 12 26 16 7 +4 31 14 153 No fog 
29 1248 16 34 +4+ 6 29 14 138 No fog 
30 12 5 1642 + 4. 17 22 048 No fog 
1906 Jan. 4 13 7 1716 0.5 21.5 12.5 0 25 Fogged but not 
seriously injured 
1313 17 24 19.5 14 0 Fogged but not 
injured 
13 24 1740 — 15 13.5 50 Considerably in- 
jured 
13 24 1748 f 14 14.5 41 Badly injured, haze 
and dawn. Full 
Moon 
9 13 30 17 56 ; 12.5 16.0 0 30 Ruined-Full moon 
and haze 


On Jan. 9, five minutes less exposure would have saved the plate. 


ComeET d 1907 (DANIEL). 
1907 Aug. 17 é 7 0 +17 20 12.5 30 Fogged but not 
injured. 
716 +16.5 12.5 40 Injured 
7 24 +16.5 12 5 Badly injured 
733 +16.5 12 50 Slightly injured 
739 +16 11.5 44 Very badly injured 
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Date Sid. Depres- Dura- 
Time Comet Alti- sionof tion of 
C) tude theSun Exposure Remarks 
e h m 
+16 17 11 040 Very badly injured 


h 1 
7 
1 é +16 17 y He. 0 


1907 Aug. 2 
2 


n 
1 
2 34 Very badly injured 
45 & 8 +415 5 ¢ 0 5 Very badly injured 
20 +14.5 6.5 5 min. only Injured 
37 4 +14 5. é y min. only 
2 +14 of .f 39 Injured 
51 +13 Injured 
21 +12.5 
35 9 +11 In clouds 
58 +10 5 , Badly fogged by 


dawn 


Injured 


Injured 


6 S 4-10 Very badly fogged 
by dawn 

CoMET c 1908 (MOREHOUSE). 
1908 Oct. 59 1927 +50 82 12 Not affected 
19 24 +48 84 11 Slightly affected 
19 21 +46 8! r Considerably _ in- 
jured 
Slightly affected 
Slightly affected 
18 51 + 4 3s : 3 Slightly injured 
18 50 —12 Badly affected 
18 50 —13 Badly injured 
18 50 —14 


18 52 
18 52 


Very badly injured 
REGION OF H: 
1909 Aug. 16 : 610 +17.5 
18 
19 


Not affected 
Slightly affected 

Considerably = af- 
fected 

Not affected 
Slightly affected 
Slightly affected 


Slightly affected 


20 
23 


1 
1 
27 58 $15 16 1 
28 < 610 +17.5 385.! 12 1 


Notes on the Conditions of the Sky, Moonlight, etc. 
1905 Dec. 25 Sky good 
29 Sky good 
30 Sky poor—dull 
1906 Jan. 8 Strong moonlight—full moon 
Full moon. Sky very white with hazy patches 
1907 Aug. Moon nearly full—sky white 
Full moon 
Full moon 
Nearly full moou 
Thick kaze 
fright moon and haze 
Clouds 
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1907 Aug. 31 Sky good—crescent moon 


Sept. 2 Sky clear but crescent moon 
5 Sky fairly good 


11 Sky lit with dawn 
12 Sky not good 
1908 Oct. 15 Sky only fair 
16 ~~ Sky fair 
Nov. 15 Sky good 
16 Sky good—very clear 
17 Thick haze 
Dec. 9 Hazy part of time 
11 Sky fair 
1909 Aug. 16 Clouds 


19 Sky very good 
20 Sky good 

23 Sky excellent 
28 Sky very clear 


- 


Possibly from the preceding tables one may make a table like 
the following that will be somewhat of a guide. 


Altitude Depression Duration Resulting effect 
of comet of Sun of exposure 
; m 
30 14—15 90 With but little injury 
20 12—13 30 But little injury 
12—13 12—13 30 Somewhat injured 
4—5 11 20 Badly injured but not ruined 
4—5 11 15 Fair negative 
4—5 11 5—10 Safe 


These refer to the beginning of the exposure in the evening and 
the ending in the morning skies. It must be remembered, how- 
ever, that itis the few minutes at the beginning or end of the 
exposure (as above) that will injure or ruin the plate. 

On August 3, 1907, exposures were made on Daniel’s comet 
with the 10-inch, 6-inch and 3.4-inch lenses of the Bruce teles- 
cope. The crescent Moon, which lacked five days of new is 
shown on all the negatives only 4° from the comet. The ex- 
posure was 1' 40". The plates, Seed 27 Gilt Edge, are not 
seriously injured in any case. Fortunately the tail was directed 
away from the Moon. The head was just free from the glare. 

In all cases where the plates were marked “injured” (with the 
exceptions noted below), stopping three or four minutes earlier 
or in the evening beginning three or four minutes later would 
have prevented injury. On the dates of 1908 Dec. 9, 11 and 13 
the entire exposures were on a more or less twilight sky and 
injury to the plates was unavoidable under the circumstances. 
The smaller the lens (if of short focus) the greater will be 
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the fogging effect. This is specially so with the small but rapid 
lantern lenses. 

Moonlight is another source of danger. In a prolonged ex- 
posure even a small amount of moonlight is bad. In full moon- 
light--if the Moon is not too near the comet—important results 
may still be obtained. Much, however, will depend upon the 
purity of the sky—the purer it is the less will the Moon affect. 
the plate. In this case a dew cap helps much. On an ordinary 
moonlit sky an exposure of a half hour with a quick portrait 
lens will not ruin a fast plate if not too near the Moon. In full 
moonlight, however, a longer exposure, unless under exceptional 
conditions, will seriously injure or ruin the plate. With the 
half hour exposure the plate will be fogged and, of course, the 
best quality of negative cannot be got out of it. Perhaps one 
of the greatest dangers comes from a combination of dawn or 
twilight and moonlight. 

sacking the Plates. 

All plates should be backed to prevent halation. A backing 
made of sugar and burnt sienna is recommended as entirely 
satisfactory. This is easily made and can be kept in stock; it 
will keep indefinitely. The following is the backing that I have 
used since the eclipse of 1900. The formula was originally sup- 
plied me by the Cramer Dry Plate Company. 

Cook two pounds of granulated sugarin a sauce-pan, with- 
out the addition of any water, until it is nearly in the caramel 
stage. Then stir in one pound of burnt sienna and cook a little 
longer, stirring well. Do not let the backing reach the candy 
stage or it will be sticky and disagreeable to handle, and will 
not soften as readily when being removed from the plate. 
Finally add about a half ounce of alcohol to each pint as a 
dryer. Put away in™a wide mouthed stoppered bottle or jar. 
When needed for use, dilute a little of this with water to the 
consistency of a thick but not too wet paste. Apply (not wet 
enough to run) to the back of the plate with a wide camel’s 
hair brush. It is not necessary to back heavily. A sheet of soft 
paper (old newspaper) pressed onto the backed surface will 
prevent injury to it. The plates should be freshly backed when 
ready for use. If kept in stock long after backing an unequal 
fogging is likely te occur. Before developing, remove the back- 
ing (which will probably still be damp) with a moist piece of 
absorbent cotton. Any small amount that remains will not 
injure the developer. 

The plates should be carefully dusted with a broad soft 
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camel’s hair brush after being put in the plate holder. The 
-amera tube should frequently be wiped out with a damp cloth 
to free it of dust. It should also have a tight fitting cover at 
the plate end to keep it closed when the plate holder is not 
in position. 

Instead of the single spring used in the back of plate holders 
to press the plate forward in a constant position, there should 
be four springs, one near each corner. With such a plate holder 
there is no danger of injury to the backing. 

The Kind ot Plates Recommended. 

On account of its greater sensitiveness the Lumiére Sigma 
plate is recommended. Unfortunately this plate has been rather 
frequently defective in having small round transparent and: 
opaque spots. It is also more subject to ‘‘chemical fog” than 
the Cramer or Seed. Otherwise it is a beautiful and very rapid 
plate. When the comet is brightest I would recommend Seed 27 
Gilt Edge plates on account of their general freedom from defects 
and finer grain. 

Developers and Developing. 

The following developer is recommended for both these plates. 

It was originally supplied to me by Mr. Ellerman. 


A 
Water 32 oz. 
Sodium Sulphite, Dry 1 oz. or 2 oz. Crystals 
Hydrochinon 11% oz. 
Sulphuric acid 30 drops 
B 
Water 32 oz. 


Sodium Carbonate, Dry 1 oz. or 2 oz. Crystals 
Potassium Carbonate 4 oz. 
Potassium Bromide 120 grains 

The temperature of the developer should be about 70° Fahr. 
This developer seems to give a minimum amount of fog with 
the Lumiére plates. It should fully develop in about six minutes, 
but can be continued for ten or twelve minutes. A longer 
development will probably prevent the plates fixing out clear, 
and increase the fog on the Lumiére plates. 

The surface of the plate should not be wet before developing, 
as there is then a tendency to form air bubbles during develop- 
ment. As soon as the developer is poured on, the face of the 
plate should be carefully swabbed with a clean piece of absorb- 
ent cotton. As a precaution, in the first part of the develop- 
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ment, the plate should be carefully protected from the ordinary 
dark room red light, especially when removing the backing. In 
the last stages of development it has lost most of its sensitive- 
ness. Develop until the plate is almost opaque to the develop- 
ing light. The darkening of the sky should be well brought out. 
Experience will soon show how far this can be carried—it can 
easily be carried too far. Donot try to get a negative with a 
sky of clear glass. For a negative which deals with only the 
brighter part of the comet, such as the head, a softer developer 
would be better. Rodinal, in the proportion of about 1 to 50 
or 70 of water, with a greater duration of development, will 
give a very soft transparent negative, especially good for an 
overtimed plate. 

A good fixing bath is: 

Hyposulphite soda 8 oz. 

Water 32 oz. 
To this add about a teaspoonful of bisulphite of soda, which 
will keep it clear. The plates should be fixed for twenty minutes 
to insure permanency. The fixing bath should be frequently 
made new. The plates should be washed for at least an hour 
in running water. 

Lenses, etc. 

There is no question but for the general phenomena of the 
tail of a comet and for following any outgoing masses that 
may appear, the portrait lens or doublet, such as is made in 
this country by the John A. Brashear Optical Company, and 
the Alvan Clark and Sons Corporation, is the most suitable 
on account of its larger and flatter field. The wide field Cooke 
lens is also recommended as specially suited forthis work. For the 
details of the head and the envelupes, the large reflectors are 
by far the best form of instrument. The twoclasses of instru- 
ments are supplementary and in no way do they infringe on 
2ach other's usefulness. The long focus photographic refractor, 
such as the astrographic telescopes, will be very important 
where there are no large reflectors because of the greater scale 
than that of the portrait lens. 

There is another class of lenses (and fortunately they are very 
cheap) that will be of the utmost importance for securing the 
greater extensions of the tail of the comet. I have called these 
‘lantern lenses’? because they are made for the projection of 
lantern slides. I have used several of these and found them ex- 
tremely rapid. The best one was made by McAllister, New York, 
which sold for seven dollars. This was 1%inchesin diameter 
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and of about six inches focus. It gave a fair field of some 
20° or 25° with full aperture and was very rapid. When cut 
cown to one inch the field was much improved and extended to 
30°+ in diameter and it was still remarkably quick for comets 
and the Milky Way. This is a usetul auxiliary to the larger 
portrait lens and can be attached on any mounting along with 
the former. I would recommend this lens (on account of its 
cheapness) to those who have an equatorial mounting, but are 
not able to secure a portrait lens or other means of photo- 
graphing the comet. (See Astrophysical Journal, Vol. 18, 
p. 210). Should the tail of the comet prove to be of very great 
length, two of these cheap lenses could be used pointed so that 
one will continue where the other leaves off, and thus, though 
in two sections, all of the tail will be secured. Of course, a 
large portrait lens would be of very great value in making 
photographs of Halley’s comet. Probably, in view of the cost, 
the most useful size will be about six inches. With such a lens 
essentially everything about a comet will be shown as quickly 
as with the larger one. The main advantage of the large lens 
would lie in its greater scale—which of itself is of great im- 
portance. The tube of a small reflecting telescope can also be 
fastened to an ordinary equatorial refractor. A very successful 
series of fine photographs of Daniel’s and Morehouse’s comets 
was thus secured by Professor W. A. Cogshall, who attached 
an eight-inch reflector in its tube to the twelve-inch refractor of 
the Kirkwood Observatory. 





Determination of Focus. 

The focus of the lens should be carefully determined. This is 
done by the aid of star trails and does not require that the 
camera be mounted. If not on a regular mounting the lens can 
be propped up to point to the sky—preferably to a region with 
some bright stars, but really anywhere because there will always 
be plenty of stars that will trail—with the plate holder ad- 
justed so that it can be moved towards or away from the lens 
with a rough reading scale. Begin outside (or inside) the as- 
sumed focus and expose the plate for one minute. Then change 
the position of the plate holder towards the lens by, say, 0.05 
inch. Again uncap the lens and allow about a minute’s exposure. 
Repeat this until the assumed focus has been well covered on 
each side, recording the scale reading for each exposure—the 
camera remaining stationary throughout the work. Let 
the last exposure be for say two minutes (for identification). 
When it is developed a great many star trails will be seen on 
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the plate. Those near the middle of the series for any one star 
will be sharp and the others ill-defined. The sharpest one of 
these will be at the focus, and for use this setting should be 
adopted. If one examines the trails, which will be found all 
over the plate, he will find that as they approach the edges 
the trails that were sharp near the middle are no longer the 
best defined, because of the curvature of the field. If one 
adopts the sharpest image near the middle of the plate, he will 
find that his stars will be very sharp in actual use, but 
that his field may be rather disappointingly small. In a por- 
trait lens there is always a small allowance in the focal dis- 
tance over which no change of definition can be detected. If 
one takes advantage of this and places his plate just at the 
limit toward the lens, he will decidedly increase the extent of his 
usable field, while if he goes to the other limit he will decidedly 
decrease the extent. It is therefore important to keep the plate 
as near the lens as will give good definition in the center. If 
at any time the images should show a want of good focus at 
the middle with a ring of better definition away from the center, 
the plate is too near the lens and should be placed slightly 
farther away. If it is slightly out of focus at the middle with 
a small field of fair definition, the plate is too tar from the lens. 
A little care will thus enable one to find the best focus that will 
give the widest possible field with the lens. 

All commerical plates are more or less curved. It is the 
custom to put the emulsion on the concave side. This improves 
the flatness of the field. Once in a while, by accident, the 
emulsion is put on the convex side. This, of course, is very bad 
if the plate is much curved. It throws the sensitive surface too 
near the lens and an out of focus plate is obtained. Whenever a 
question of change of focus comes up, the plate should be ex- 
amined to see if the trouble does not lie with it, before any 
change of setting is made. Witha lens of six inches aperture, 
or less, there is very little change of focus due to temperature. 

It is specially important that the focus of the lantern lens be 
determined by some means like the above, for it will differ 
from the visual focus that would be obtained by focusing on a 
ground-glass. 

Length of Exposure. 

it is a difficult to tell beforehand what exposure times 
will be necessary in photographing Halley’s comet. That 
point can be settled later by actual experience or by in- 
ference when something is known of its spectrum. The 
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exposure times necessary on Daniel’s comet of 1907 and More- 
house’s of 1908 were very different. The latter, though visual- 
ly a much fainter object was far quicker in its photographic ac- 
tion. The spectrum of the comet, however, showed that its 
light was almost entirely actinic. When at its brightest an 
hour’s exposure or less, with a portrait lens was ample to show 
essentially all the features of the tail. 
To Secure the Greatest Length of Tail. 

Tosecure the greatest extent of the tail it will be necessary toso 
point the camera with respect to the guiding telescope that the head 
of the comet, when behind the guiding wires, shall be near the edge 
of the field of best definition in the camera with the tail stretching 
across the plate. By this means as much as 4° or 5° more of 
the tail can be shown without injury to the definition of the 
head than when the telescopes are parallel. This is easily ac- 
complished, when the camera is fastened on to an equatorial, by 
tilting the camera in the right direction—to the proper angle— 
and firmly wedging it in position. This, of course, will need to 
be changed when required by the change of the comet’s position 
(See also page 604). An additional tube to carry the object glass 
and guiding eyepiece of the regular guiding telescope, is tempo- 
rarily mounted on the main tubes of the Bruce telescope of the 
Yerkes Observatory, with an allowable adjustment from the 
parallel of the system of four degrees in any direction for comet 
work. When no active comet is present, this tube is removed. 

A “dew cap” some eight or ten inches long (not long enough 
to cut off any of the field) will be valuable not only in case of 
dew forming, but also to cut off outside sky illumination which 
would otherwise tend to fog the plate. 

Several different cameras should be used. These, especially the 
smaller ones, can be attached to the tube at suitable points so 
as not to interfere with each other. A good plan, when the con- 
ditions will permit it, is to keep one or more of the cameras 
exposing while the plate of one is being changed, so that the 
times will overlap. Interesting results will thus be obtained if 
the comet is changing very rapidly. For instance, if two hours’ 
exposure be given with the larger lens two exposures of one 
hour each can be given with the smaller and supposedly 
quicker lens. 

Guiding on the Comet. 

As to the question of guiding : if the comet has a definite con- 
densation to guide upon, it issater to bisect this with the guiding 
wires. Instead ot guiding on the comet Dr. Joel H. Metcalf uses 
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a fixed star for this purpose. The cross-wires, set to move in the 
path of the comet, are given at short intervals a motion in the 
contrary direction but equal in amount to that of the comet, 
the star being kept bisected by the cross-wires in the mean time. 
This, if there is no mistake in the above quantities, will, of 
course, keep the comet fixed on the plate if not affected by dif- 
ferential refraction. Should any mistake occur, and we find 
such to have been the case even in the hands of a skilled ob- 
server on several dates in 1908, the comet will not remain 
stationary on the plate (see PoPULAR ASTRONOMY tor November, 
1908, Vol. 16, p. 575). The safest plan, where a guiding teles- 
cope is used, is to guide on the comet itself, if possible. If 
illuminated wires are used, the illumination should be so ad- 
justed as to make the wires as faint as will just permit their 
being seen on the comet’s head. To those who do not have the 
proper illumination for the spider lines, fine copper wires will 
serve well when the comet’s head is bright enough to show 
them in black relief. 

When guiding on the head of the comet, a careful watch 
should be kept for any pulsations that may occur in its light 
(see Astrophysical Journal tor December, 1908, p. 385). It there 
should be considerable changes the exact time of their occurence 
should be recorded. ‘ 

The method of guiding on a star and allowing tor the motion 
of the comet seems to have been successfully used at Greenwich 
with their large reflector where the exposures were very short. 
Perhaps it is the best method with such an instrument. It 
would be absolutely necessary in the case of a comet where a 
guiding telescope is not used, or in the case of a double-slide 
plate holder. 

It is scarcely necessary to call attention to the importance of 
the time element in photographs of comets. The beginning and 
ending of the exposure should be carefully noted and the correct 
time be used, so that if necessary the exact moment of exposure 
may be known if called for later on, Of course, a record as to 
any noticeable changes in the transparency of the sky during 
the exposure is important. 

Increasing the Strength of the Ficture by Second Negatives. 

Sometimes the original negative of a comet has not sufficient 
contrast to print or even enough to permit good glass positives 
to be made. All the strength required can be obtained by mak- 
ing a second negative. Todo this, make the best glass positive 
possible from the original negative. From this positive, make 
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a second negative. It will be found that all the contrasts will 
be accentuated in this negative which will give a print with all 
the strength required. [f the original negative is very weak, a 
slow plate, say Seed 23 or Seed Process, can be used for 
the second negative which will give the required contrast. In 
general it is best to use a fast plate, say Seed 27, for the second 
negative or the contrasts will be too harsh. With such a plate, 
soft but strong negatives are secured from which prints or glass 
positives of an excellent quality can be made. Any amount of 
density can be had by making a third or even a fourth negative 
if necessary. I have used this method of strengthening astro- 
nomical photographs for the past twenty years. It is far 
preferable to an attempt to intensify the original negative. 


Making of Glass Positives. 
A good developer (such as is used at the Yerkes Observatory 


and which was introduced there by Mr. Wallace) for glass pos- 
itives is the following. 


A B 
Water 60 oz. Water 60 oz. 
Hydrochinon Loz. Potass. Caustic 2 oz. 


Potass. Bromide % oz. 
Sodium Sulphite, Dry 3 oz. or Crystals 6 oz. 


The temperature of the developer should be about 70° Fahr. 
For use, take one part of each A and B with one part of water. 
The development should not be continued more than five or six 
minutes or the plate will not fix out. The positives should be 
made (either by the camera or by contact)on ordinary trans- 
parency plates, or on Seed 23 or Seed Process, both of which 
latter plates give excellent positives. 

In making contact positives, where the exact size of the 
original is required, a good light to use is that from a Rochester 
oil lamp with a white porcelain shade. I find that the best 
results are had by examining the negative by this light, holding 
it at various distances from the lamp. If the plate is weak or 
thin, it will be seen that as you recede from the lamp the negative 
appears in better contrast. At a certain point it will appear 
best. This is the point at which the plate should be held when 
making the positive—nearer the light or farther away the 
results will not be so good. 


A Few Hints as to Defects. 


There is one class of defects that sometimes comes on 
a negative or positive in the drying, or later by accident, 
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about which I have not seen anything written. If a 
negative is wet again after it is dry, ‘tears’? will prob- 
ably form in the drying. Sometimes they occur in the 
original drying of the negative. These often leave semi-trans- 
parent markings. If examined closely, it wili be seen that the 
film is thinner at these points or they will appear as slight in- 
dentations. By accident I found the remedy for these. 
Thoroughly wet the negative again. The markings will disap- 
pear at once. To prevent a repetition of the trouble remove all 
the water from the film carefully with absorbent cotton before 
putting todry. Usually if drops of water get on a plate when 
dry, they will cause these peculiar markings. Of course, the 
remedy is the same as before. If a negative happens to be near 
a window and fine snow is blown in on it, wherever a speck of 
snow touches the plate a minute transparent speck will appear 
so that the picture will be full of pin-holes. Examined witha 
glass these usually appear like smali craters with raised walls. 
They are removed instantly by immersing in water as in the 
other cases. If the surface of the negative has been injured by 
being rubbed or slightly scratched, the abrasions will show on 
a print. The ‘“‘water cure’, however, will effectually remove 
these from the negative if the film has not been cut too heavily. 
I make mention of these facts because the simple remedy 
does not seem to be generally known even among those who 
have had great experience in photographic work. 
Yerkes Observatory, 
Williams Bay, Wis., 
November 1, 1909. 





CONSTRUCTION OF A SUN DIAL THAT WILL KEEP 
ACCURATE TIME. 





HAROLD B. CURTIS 





FoR POPULAR ASTRONOMY. 


The usual difficulty that is met with in designing a sun dial 
of the horizontal dial type, is the drawing of the radial hour 
lines at the proper angles. In the method here set forth, after 
the angle of latitude of the given locality has once been con- 
structed, all subsequent lines are drawn by the aid of only the 
ruler and compass. 

The construction is based upon a very simple formula, easily 
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obtained by a little work involving solid analytic geometry, viz: 
tan B—cscAtan ¢ 


where A is the latitude of the given locality, 8 the angle of the 
radial line corresponding to the angle ¢ which is the angular 
distance of the ‘‘mean sun”’ from the hour circle passing through 
the east point of the horizon. The form of the formula has 
suggested the following geometric method of construction : 

On a piece of convenient material, say a block of wood, draw 
two half circles 12-A-K, 12—6-8, each of radius OA equal to 
about 3 or 4 inches, (Figure 1), the two halves being separated 
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by about a quarter of aninch. Draw the diameter 6-0-6, and, 
perpendicular to this, the radius (~-12. Construct by any con- 
venient method (say by laying off the tangent or by the pro- 
tractor) the angle 12-O-L = X the latitude of the given place. 
In Figure 1,4 = 41° approximately. Extend OL back to meet 
the circumference at K. Draw a tangent at K to meet 6-O-6 
produced at B; and draw the perpendiculars BB; and AA;. Now 
divide the quadrant 6-12 into six equal ares, ACi, CiC», 
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The corresponding angles ¢1 = 15°, ¢@ = 30°, ...., are equal 
to the ¢’s for 7 o’clock A. M., 8 o’clock A. M.,. . ... respectively. 

Produce the radius OC: to meet BB; in Bi, and draw BA; 
parallel to 6-O-6 meeting AA; in Ai. Connect Ai with O, mark- 
ing 7 the point of intersection with the circumference. This 
line, viz. 7-O is the first radial hour line, and the angle A-O-7 
= Bf; is the proper angle for 7 o’clock a.m. The corresponding 
radial line O-5 for 5 o’clock Pp. M. can be drawn by symmetry, 
observing that the line 7-5 is parallel to 6-O-6. 

Similarly, produce OC, to B:,, marking As, which, when connect- 
ed with OU gives the point 8 on the circumference. And so for 
the rest, obtaining 9, 10, 11. 

The construction of 10 and 11 in Figure 1, is, for convenience 
made from B’ and A’ which by means of the parallel lines BM 
and AN, are similarly situated with respect to O, thus preserving 
ratios; this construction being employed in order to keep all 
necessary lines within bounds of the figure. 

The radial lines for 4 and 5 a. M. and for 7 and 8 P. M. are ob- 
tained by producing those for 4 and 5 p. M. and for 7 and 8 a. M. 
respectively. 

The half hour intervals and smaller intervals can be similarly 
constructed but it will be found to be more convenient and 
fully as accurate, if these smaller intervals be marked in by 
the eye. 


a 








GNOMON 

FIGURE 2 
If now atriangular piece, the gnomon of the dial, (Figure 2) 
be constructed, making the angle D’O’E = 4, the latitude, and 
placed in a vertical plane over Figure 1, making O’D’ coincide 
with OD, the essential parts of the instrument are complete, ex- 
cept for the corrections which remain yet to be considered. So, 
when the dial is adjusted so that the dial plane is exactly level, 
and the line OD lies in the direction of true north and south, D 
to the north, thus causing the line O’E to point to the north 

star, the instrument is ready for the rays of the Sun. 
CORRECTIONS.—Since ‘‘apparent sun’’ time (which is sun dial 
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time) and ‘‘mean sun”’ time differ during the course of the year, 
a correction applied to the sun dial reading becomes necessary. 
This correction varies from day to day and may easily be ob- 
tained by reference to the curve of Figure 3, which has been 
compiled from the Nautical Almanac. Not to be confused with 
this correction,*is a ‘‘constant locality correction’? depending 
upon only the longitude of the place, and is to be made for all 
places not situated on or very near a ‘‘standard time meridian.” 
In this country, these are the 75th, 90th, 105th and 120th. 
This correction is obtained as follows: for each degree of longi- 
tude west of the standard meridian, the correction is 4 minutes 
to be added to, and for each degree east, 4 minutes to be subtract- 
ed from, the sun dial reading. Thus, the correction to be ap- 
plied is two-fold. 


CORRECTION CURVE 





FIGURE 3. 

Now referring again to Figure 3, it is seen that the months 
are marked off along the middle horizontal line; the intervals 
are the week, approximately; the vertical lines being drawn at 
each Ist, 8th, 15th and 22d of the month. The numbers at the 
extreme left and right denote the scale of minutes. For a given 
date, the curve gives the number of minutes to be added to the 
“constant locality correction”’ if the corresponding point of the 
curve is above the middle line, or to be subtracted from that 
correction, if the point is below the middle line. 

For example, if at Pittsburg the sun dial reading is 3 hrs. 
55 min. on Feb. 26, the correction to be applied is +20 min. 
(since Pittsburg is 5° west of the Eastern standard meridian) 
+13 min. (from curve, Figure 3) making 33 minutes. Hence 
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the correct time is 4 hrs. 28 min., or 28 minutes past 4. But if 
on Nov. 1, the reading were the above, the correction would be 
+20 min. — 16 min. or +4 min. Hence the correct time would 
be 3 hrs. 59 min. or 1 minute to 4. 

Again, if at Boston the sun dial reads 8 hrs. 25 min. on Aug. 3, 
the correction is —16 min. (since Boston is 4° east of the stan- 
dard meridian) +6 min. (Figure 3) making —10 min. Hence the 
correct time is 8 hrs. 15 minutes or quarter after 8. But if it 
should read the above on Oct. 20, the correction is —16 min. 
—15 min. or —31 min., and the correct time would be 7 
54 minutes or 6 minutes to 8. 


hrs. 


EQUATION OF TIME. 
MINUTES TO BE ADDED TO OR SUBTRACTED FROM SUN DIAL READING 
ACCORDING AS PLUS OR MINUS. 


TO GIVE LOCAL MEAN TIME 





DAY OF THE YEAR. Min. 

Oct. 23-Nov. 14 ||—16 

Oct. 17-22 Nov. 15-19 15 

Oct. 13-16 Nov. 20-23 14 

Oct. 9-12 Noy. 24-26 13 

Oct 6-8 Nov. 27-29 12 

Oct. 2-5 Nov. 30-Dec. 2 11 

Sept. 29-Oct. 1; Dec. 3-4 10 

Sept. 26-28 Dec. 5-7 9 

Sept. 23-25 Dec. 8-9 8 

Sept. 20-22 Dec. 10-11 7 

Sept. 18-19 Dec. 12-13 6 

Sept. 15-17 | Dec. 14-15 5 

May 7-22 Sept. 12-14 Dec. 16-17 4 

Apr. 28-May 6, May 23-31 Sept. 9-11 Dec. 18-19 | 3 

Apr. 23-27 June 1-6 Sept. 6-8 Dec. 20-21 | 2 

Apr. 18-22 June 7-11 Sept. 3-5 Dec. 22-23 1 

Apr. 14-17 June 12-16 Aug. 31-Sept. 2! Dec. 24-25 0 

Apr. 10-13 June 17-21 Aug. 27-30 Dec. 26-27 1 

Apr. 7-9 June 22-25 Aug. 24-26 Dec. 28-29 2 

Apr. 3-6 June 26-30 Aug. 20-23 Dec. 30-31 3 

Jan. 1-2 Mar. 31-Apr.2) july 1-6 Aug. 15-19 4 
Jan. 3-4 Mar. 28-30 July 7-13 Aug. 8-14 5 
Jan. 5-7 Mar. 24-27 |July 14-Aug. 7 6 
Jan. 8-9 Mar. 21-23 7 
Jan. 10-12 Mar. 18-20 8 
Jan. 13-14 Mar. 14-17 9 
Jan. 15-17 Mar. 10-13 10 
Jan. 18-21 Mar. 6-9 11 
Jan. 22-25 Mar. 2-5 12 
Jan. 26-30 (Feb. 24-Mar. 1 13 
Jan. 31-Feb. 23 1-14. 


FIGURE 4. 
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As a corollary, it is seen that, at Philadelphia, there are four 
days in the year, namely, Apr. 15, June 14, Sept. 1, and Dec. 25, 
when the sun dial time coincides with the correct time. 

If a copy of Figure 4 or the curve of Figure 3 be made and 
placed, together with the constant correction for your locality, 
on the back of the dial, you will find it convenient for reference. 

915 State St., 
Ithaca, New York. 





IS THE UNIVERSE INFINITE? 





FREDERIC CAMPBELL 





It has, of course, always been evident to the eve of man that 
Sun, Moon and stars are far removed from the Earth. It seems 
equally apparent to the ordinary observer that the Moon is 
nearer than the Sun, and the Sun nearer than most or all of the 
stars. It is not so apparent that there is any material difference 
in the distance of the stars. Trained by astronomy, we have 
indeed learned to think of them as of varying degrees of remote- 
ness, so that they now actually seem to us, some nearer, others 
farther. But they probably did not so seemto theancients, who 
knew nothing of the true science of the heavens. Some, indeed, 
may have received the impression, to which others were 
strangers, that the superior brightness of certain luminaries 
indicated their greater proximity; but others must have real- 
ized, even as we do to-day, that this does not prove their near- 
ness. The planets, some of which exceed the brightest fixed 
stars in glory, on this account, as well as by reason of their 
independent movements, may have impressed thoughtful observ- 
ers as comparable with Sun and Moon for nearness. But the 
great mass of the stars must have appeared to the generality of 
men, as they would to-day without astronomy, as being about 
equally remote from the Earth. 

Astronomy, however, has enabled the eye of man to penetrate 
the heavens and to discover that they have the most profound 
depth. Astronomy measures with more or less of mathematical 
accuracy the various elements of many heavenly bodies, includ- 
ing their distance. Thus we are now aware that the Moon is 
distant 24,000 miles; the planet Venus at its nearest approach, 





* Christian World and Evangelist, April 10, 1909. 
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24,000,000 miles; the Sun, 93,000,000 iniles; the outermost 
planet, Neptune, 2,700,000,000 miles. Outside the solar system, 
among the fixed stars, the measurement of distance must be 
otherwise expressed because of its immensity; the length of time 
required for light to cover the intervening space is now the 
method of expression. Alpha Centauri, the nearest of the fixed 
stars, sends its light in 4 1-3 years; Sirius in 8 1-2 vears; Vega in 
27 years; Polaris, the North star, in 47 years; Arcturus, in 
160 years. 

The distances now become so great that it is impossible to ob- 
tain a parallax, and, so far as measurement is concerned, it is 
impossible to state how far away the great mass of the stars 
are. Doubtless, in general sense, though with abundant excep- 
tions, the faintest are the farthest. When the telescope brings 
into view many stars unseen by the naked eye, many, if not 
most, of them. are unquestionably more remote than most of 
those commonly seen. In general language we may say that 
to increase the power of the telescope is to carry us farther 
into the depths of the starry firmament, until, with the most 
powerful telescope accessible, we seem to have reached the limit 
of ourjourney. But here comes to our aid photography, which, 
by long exposures of the sensitive plate, even exposures of hours, 
brings to view in the developed print a host of stars never 
seen and probably never to be seen by the direct vision of man. 
Photography then must have carried us immensely farther than 
the telescope. 

Having now exhausted our means of penetrating the depths 
of the universe, the question arises, ‘Have we reached the 
limits of creation?” A ready response declines that view. It is 
unreasonable to believe that creation stops where our sight or 
our instruments, our processes or our knowledge, stop. If wecould 
improve our instruments and methods, as some day we may, we 
must believe that we could be carried farther afield. And, space 
being infinite, it becomes a most natural question, whether the 
universe itself is not infinite, filling all space. But, while the 
inquiry is reasonable, it is unreasonable to leap to the conclu- 
sion that such is the case. At the best it must be an assump- 
tion: for there is absolute impossibility of proof, and there will 
always be that impossibility, no matter how much farther we 
are carried by instrumeuts and methods. A million times 
farther we may go, but it will simply be to reach a new limit, 
beyond which the question is precisely the same as to whether 
there is anything more, whether the universe goes on in fact to 








616 Is the Universe Infinite? 








infinity. We may therefore regard ourselves as in just as good 
a position to discuss the question to-day as we ever shall be. 

The distinguished scientist, Alfred Russell Wallace, has recently 
pointed out that, while the stars multiply rapidly in number 
for each degree of magnitude that we pursue them, yet there ap- 
pears to be a limit, which is more than the limit of sight or 
scientific methods, beyond which they seem to fail. In fact, 
there is good sound scientific ground for believing, even if we 
are not quite positive, that we have, in our investigations, 
practically reached the limits of the universe already. Here and 
there throughout the firmament the eye of man looks out upon 
absolute darkness unrelieved by the slightest evidence of light; 
there ought to be light from all quarters, if the stars go on 
forever multiplying in number for each successive magnitude, as 
we know that they do for many magnitudes. But the light is 
not forthcoming; we therefore conclude that, at such points, 
we are, as it were, looking beyond the limits of created things. 

The question often raised, whether there may not be other 
universes of which we have no knowledge, and in the nature of 
the case can have no knowledge, is not difficult of answer. If 
the word ‘‘universe’’ be used in its strict sense, there can be 
but one universe; the universe is the universal, it is that which 
comprehends within itself all things that exist. Therefore, if 
we see beyond thelimits of the universe, we see beyond all that is. 
But if, by the use of this word is meant other vast aggrega- 
tions of created worlds, vastly distant in space from our own, 
we shall be obliged to admit that this is conceivable and pos- 
sible; for, space being infinite, at any distance whatever from 
that great system of worlds with which we are familiar, God 
may have made another system, or any number of systems, and 
so far removed as to have no connection or relation whatever 
with the starry firmament of which our Sun and Earth area 
part. But, if there be such, of which we have and can have no 
evidence, they ought to be included in the universe; for other- 
wise the universe is not universal. 

The question whether the universe is infinite is not, however, 
affected by the consideration of other possible universes. Even 
suppose that there be ten other universes, or a thousand, or a 
hundred million, that is not infinity. Whether there be one uni- 
verse or many, mathematically considered, a boundary line may 
be drawn about them all, which in the nature of the case will 
be all inclusive, and, outside of which, space still stretches on to 
infinity without a universe or a star. God, because he is a 
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spirit and not matter, can fill infinite space. Matter is in its 
very nature limited. However huge it may be, however vastly 
spread out, however numerous in its individual manifestations, 
it must eventually reach a line of demarcation beyond which it 
isno more. This is not saying that the universe is not immense 
in extent; this is not saying that there may not be other so- 
called universes, all of which may be combined, at least in 
thought, into one general universe; this is not saying that the 
Creator might not have made the universe greater than he did, 
as many times greater as he might have chosen to make it. 
But it is saying that, just as he commanded the sea, ‘‘Thus 
far shalt thou come and no farther,’ so also, of all infinite 
space, he set apart simply so much as is actually occupied by 
the universe of created and existing things in which we live. To 
speak of an infinite universe is as contrary to sound reason as 
to speak of an infinite house; for a house, necessarily bounded 
by its four walls, no matter how large it may be built, and no 
matter how vastly larger it may be seen in imagination, can 
never be thought of as infinite. The walls may be as remote 
from one another as you please; they can never include so much 
that they cannot be thought of as including more. Hence no 
house can be infinite; nor can any universe be. Travel as far 
as imagination itself can carry us, we shall eventually come to 
a last star; there runs the boundary line which, being complet- 
ed, includes all things within itself, while outside of it is nothing. 

When the universe is spoken of as infinite, the number of the 
stars is sometimes referred to. In the solar system we have 
Sun, Moon, eight planets with several satellites, and 500 known 
asteroids—a definite number. The naked eye can discern some 
6,000 stars in the heavens. The telescope, according to its 
power, greatly multiplies these; and the camera raises their 
number still higher. A distinguished authority believes that we 
practically know of the existence of about 300,000,000 worlds. 
It is easy to believe that there are as many more, or a hundred 
or a thousand times as many more, as yet unknown. The 
known universe may be, in point of numbers, but a drop out 
of the ocean. But, however much greater than the drop is the 
ocean, the number of its drops is not infinite. In the nature of 
the case, at any instant, the ocean contains just so many drops 
and no more, The fact that it could contain more drops than it 
does, proves that it is not infinite; for the infinite cannot be 
increased. Yet could not the universe be increased, both in the 
space which it occupies, and in the number of worlds of which it 
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is composed? If so, it cannot be infinite. If it could be spread 
out more widely, then infinite space is not occupied by it. And 
if, as we know, there be unoccupied spaces between worlds, so 
may there be beyond worlds. If the number of worlds could be 
increased, then the present is not an infinite number; for there 
is nothing greater than infinity, even in thought. It is not a 
question of divine power, nor of whether the universe was 
built by a personal being called God. Viewed simply in the light 
of reason, there might be more worlds than there are. And, if 
a single tiny asteroid alone, or even a meteorite the size of a 
man’s fist, were added to the universe, its millions of worlds 
would be increased by that much and would thereby be proved 
not to have been infinite. Nor could the addition ot a thousand 
meteorites, or of a million earths, or of any number of suns, 
galaxies or additional universes, make the sum total of created 
things infinite. 

In view of the above considerations, it is a manifest absurdity 
to speak of the universe as infinite either in extent or in num- 
ber. And when men do so speak, it must be concluded either 
that they are making careless use of poetical language, or that 
they have substituted imagination for reason. The universe is 
vast beyoad all conception. Its Creator alone is infinite. 


Brooklyn, New York. 





AN ASTRONOMICAL THEORY OF THE MOLECULE 
AND AN ELECTRONIC THEORY OF MATTER. 


Solar and Terrestrial Physics Viewed in the Light Thereof. 





SEVERINUS J. CORRIGAN. 


For POPULAR ASTRONOMY. 
Part IV. (Continued.) 

THE TERRESTRIAL ATMOSPHERE. ITS VOLUME, EXTENT, -DEN- 
SITY, PRESSURE, TEMPERATURE AND THE METEORO- 
LOGICAL EFFECTS CAUSED THEREIN BY THE 
SOLAR ELECTRO-MAGNETIC 
RADIATIONS. 

The presence of the greater condensations, which are now the 
planets, in the gaseous matter of the zones in which they have 
been formed, and their orbital movements through this matter, 


may have had much to do, through perturbative action, 


with the formation and development of the minor condensa- 
tions which are now the comets apparently so intimately as- 
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sociated with these planets, and it is, furthermore, very prob- 
able that such cometary nuclei are almost constantly in process 
of generation in said zones, in an indefinitely great number, so 
that the truth of Kepler’s remark that ‘‘the heavens are as full 
of comets as the sea is of fish,’’ becomes very apparent. 

Moreover a majority of the periodic comets set forth in 
Table III, when observed, may have been only in the course of 
their first revolution around the Sun, and it is probable that 
some, and even many, of them may not perform more than one 
revolution—if so much as one—for reasons that may be stated 
as follows. 

In a preceding part of this paper I have quite fully stated 
the concepts of my theory as to the process of formation of the 
planetary bodies trom the highly tenuous and cold, gaseous 
matter of the primitive solar nebula, through a condensation, 
or compression, and consequent heating, of this originally cold, 
iseous matter to a high degree of temperature, followed, after 
the maximum density has been reached, by a cooling, through 
radiation to the other bodies, or matter, in space, and by chem- 
ical combination when the matter has been cooled below a 
critical temperature, solidification, such as that in the case of 
the superficial matter of the Earth, being a consequence. But 
the compression and resulting heat generation, in the case of the 
majority of the minor condensations now constituting the 
comets, may well have been so slight that these have never 
even approximated the conditions of density, temperature, etc., 
that have obtained in the case of the planetary bodies, so that 
they have remained only masses of very cold and tenuous gases 


s 


ge 


(of the hydrocarbon hydrogen, or infra-hydrogen, type asis dem- 
onstrated by their spectra) upon which the repellent action of the 
solar electro-magnetic radiation which is the cause of the develop- 
ment of what are called the ‘‘tails’’ of comets, has had a disin- 
tegrating effect which, together with other disruptive action 
that may operate upon them in other parts of their orbits far 
distant from the Sun, may result in the complete dispersion of 
the matter of such comets which, therefore, can never re-appear 
as the same comet unless an entirely similar process, or re- 
development, of this same matter be repeated. It is well-known 
that considerably more than one-half of the members of Jupiter’s 
family of comets for which decidedly elliptical elements and short 
periods have been computed, have never made a re-appearance, 
a fact that has been attributed to the perturbative action of 
Jupiter, or some other planet, toward which they have madea 
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near approach and whereby these orbits have been transformed 
into parabolas, or hyperbolas, in which they have passed out 
of the system and permanently disappeared, Lexell’s famous 
comet being cited as an example of this action; but while such 
action is entirely possible, the failure of such comets to re-appear 
is equally as well explicable upon the hypothesis of their con- 
stitution, and of the dispersion of the matter, that I have just 
advanced. 

Between the two limits, on one hand of a purely gaseous con- 
densation such as the comets just described (which belong 
principally to the telescopic class) and on the other of a solid 
mass such as the Earth enveloped by its cold gaseous atmos- 
phere, there undoubtedly exist cometary bodies consisting of a 
central solid, or approximately solid, nucleus of greater or 
lesser dimensions, or as is more frequently the case, of a group 
of small, discrete particles like those composing meteoric 
swarms, possibly hot but more probably cold, and shining, in 
part at least, by reflected sunlight, these particles being inter- 
mingled with, and enveloped by, very tenuous and cold, gaseous 
matter which constitutes what is called the ‘coma’ (this 
envelope being, in a certain sense, analogous to the terrestrial 
atmosphere) a portion of the matter whereof is repelled by the 
solar electro-magnetic radiations when the comet approaches 
sufficiently close to the Sun, the tenuous, gaseous matter so 
repelled constituting what is known as the “tail”? which, prac- 
tically, always extends, in a general direction, away from 
the Sun. 

The comets possessing solid nuclei of any considerable dimen- 
sions constitute, most probably, the more permanent members 
of the cometary system and when periodic may make many 
returns to perihelion, and are most likely to present a striking 
appearance when they do so—as will Halley’s comet next spring 
—whereas, the purely gaseous ones are in general only telescop- 
ically visible and although more numerous than the former class 
are more evanescent. Should a concrete, solid nucleus en- 
counter the Earth directly (a contingency so highly improbable 
that it closely approximates an impossibility) it might cause 
very serious results, while an encounter with a cometary nucleus 
composed of small discrete particles would result, most prob- 
ably, only in a brilliant meteoric shower most, if not all, of 
these small particles being so intensely heated by their rapid 
movement through the Earth’s atmosphere that they would 
be converted into meteoric dust that would sink gradually to 
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the surtace ot our globe, the atmosphere whereof would thus 
act as a shield against such meteoric bombardment. 

The gaseous matter of the ‘‘tail’? and even of the ‘‘coma”’ 
might envelop the Earth without causing any serious, or even 
appreciable, effects other than a display somewhat analogous to 
that presented by the aurora borealis, or Northern Light, the 
force whereby a cometary tail is developed from the gaseous 
matter of the coma, or envelope of the ‘‘head,’”’ or nucleus, of the 
comet, being, according to my theory, the same as that which 
causes the aurora, the solar corona, and the zodiacal light, viz: 
the disruptive action of the intense electromagnetic radiation 
from the Sun, there being, as is quite well-known, certain dis- 
tinctive, spectroscopic lines presented by all four of these phe- 
nomena, and also by the dissociative action of disruptive elect- 
rical discharges upon the residual atmospheric gases in vacuum 
tubes, which action, as has been experimentally demonstrated, 
causes optical appearances within the tube, or bulb, remarkably 
similar to those of the solar corona and of the aurora, as I 
have described at length ina preceding part of this paper, the 
luminous effects being particularly like those of the aurora 
when the pressure within the bulb is 0.004 of an ‘‘atmosphere.’ 
In the February (1909) number of PopuLar Astronomy, I de- 
scribed a well-defined auroral arch and my determination of its 
height above the Earth’s surface by means of Professor H. A. 
Newton’s well-known algebraic formula whereby I found the 
height to be forty miles, while as set forth in Table IV of this 


, 


paper in that number, the atmospheric pressure at that height, 
as derived through my theory, is 0.004 of an atmosphere, the 
results of experiment and the deductions from my theory beir 


17 
it on) 
in accordance in this connection. 


Now, alltheluminous phenom- 
ena of an aurora, the condensations of light in the arch, and 
the ‘“‘streamers’”’ therefrom represent well the coma and tail ofa 
great comet, even the pulsations in the streamers—obviously 
due to local electromagnetic repulsion and attraction—having 
been noticed in the case of the tails of some comets and partic- 
ularly, in that of “comet Morehouse” very recently a quite 
prominent feature in the heavens, and since the density of the 
gaseous medium wherein, and whereby, all these striking effects 
are produced, need not be more than the 250th part of the 
density of atmospheric air under the normal pressure, density 
and temperature, these facts are most important, not only 
generally, but in special connection with a case of immediate 


interest. Provisional elements that I have derived, and an 
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ephemeris computed therefrom, indicate quite positively that 
Halley’s comet so long looked for and now in sight, telescopical- 
ly, will reach perihelion on April 19, 1910 and will reach its 
point of nearest approach to the Earth on May 20th, my 
computation as to the distance from the Earth, of the nucleus, 
or head, of this comet, at the time of nearest approach, making 
this distance, roundly, 12,750,000 miles, so that there is an 
absolute certainty that the head of this comet cannot come in- 
to contact with the Earth, at least at the present perigee; but 
the gaseous matter constituting the “tail” which will be many 
millions of miles in length, will, most assuredly, envelop the Earth 
between May 19-20, 1910, or possibly for a day or two more, as 
this comet sweeps in, quite directly, between the Sun and the 
Earth, but there need be no alarm as to this point, because the 
extreme tenuity of the gaseous matter of the tail, and even of 
the coma, which is very much less than that of atmospheric air 
under the normal conditions of pressure and density (being not 
more than at most the 100th part as I have pointed out above) 
precludes any danger from this source. 

While the topics discussed above, under the heading of orbital 
motion, may seem to be a digression from the subject of Part IV 
as indicated by its particular subtitle, they really are quite in- 
timately connected therewith, for some of the most striking 
phenomena of the solar electromagnetic radiation are those 
which result in the formation of the tail of a comet and in the 
dissociation and recombination of the atoms of the molecules of 
the exceedingly tenuous gaseous matter that constitutes the 
tail as well as the coma, this process, under my theory, con- 
stituting all electromagnetic action as I have endeavored to 
demonstrate in a preceding part of this paper, and particularly 
in the October (1908) number of PopuLar AstTRONOMyY, the 
pulsations and transformations sometimes seen in the tail and 
coma and which are quite similar, if not absolutely identical, 
with those observed in the aurora borealis, the solar corona 
and in the tenuous atmospheric gases confined in a vacuum 
tube and subjected to disruptive electrical discharges, being due 
toelectromagnetic action induced by the solar radiation aforesaid. 

I will now return to the discussion of the velocity of eastwardly 
translation of areas of low barometer, or “storm-centers,’’ as 
well as of the tornadoes sometimes developed therein, which 
velocity is one of orbital motion when we consider the mass of 
either the air moving around the storm-center, or the funnel of 
a tornado, as a body impressed with the rotational velocity of 
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the Earth proper to any given latitude, and simultaneously 
acted upon by the force of terrestrial gravity, which combined 
action results in the orbital motion described in the August- 
September number of PoPULAR ASTRONOMY. 

From the general equation (1) of orbital motion set forth in 
that number it will be seen that the velocity in excess of the 
rotational velocity of our globe and which develops a pressure 
urging the suspended atmospheric masses eastwardly in the 
direction of the axial rotation, is proportional to 1p, or to the 
square root of the semi-parameter of the orbit described in that 
number, and the value whereof is, as demonstrated, 


1 . 
295.5 ’ 


~ 


whence the excess velocity in terms of the rotational velocity of 


, ‘ : ' ; 1 Ss ‘ 
any point on the Earth’s surface is =a a: Since the rotational 
xX 


velocity on the equator is nearly 1,040 miles per hour and that 
in latitude 45° nearly 730 miles in the same time, these values 


multiplied by the factor aforesaid give, as the excess velocity, 
or that of translation eastwardly, of any atmospheric mass, 
such as that constituting a tornado, a 


“low’’, or cyclone, and 
its complement a 


“high,” or anti-cyclone, in miles per hour, 
60l4 and 42% at the respective localities aforesaid; but since 
these particular meteorological phenomena do not usually occur 
on the equator, but only at a considerable distance on either 
side thereof, the value at latitude 45°, or 421% miles per hour, 
may be taken as the mean theoretical velocity of translation. 
Furthermore, as indicated in equation (1) aforesaid, it is evi- 
dent that this velocity increases with the accelerating force k’, 
or with an increase of the force of gravity, and decreases with 
a decrease in this quantity, and the upflow of air in any atmos- 
pheric vortex such as a “low,’’ or a tornado may be regarded 
as a force acting in opposition to that of gravity, and decreas- 
ing the value of k’, while on the other hand the excess of pres- 
sure and the downward movement of air in an area of high 
barometer, or anti-cyclone, may be regarded as a force acting 
in conjunction with that of gravity thereby increasing the value 
of k*, so that it follows, theoretically, that there must be varia- 
tions from the aforesaid mean translational velocity, the 
tendency in the case of an excessive ‘‘low’’, or cyclone, being to 
retard the eastwardly motion thereof, and that in the case of a 
“high’’, or anti-cyclone, being to accelerate this motion. 

These deductions from my theory are in perfect concordance 
with the facts of observation, the observed eastwardly average 
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velocity of a large number of cyclones, anti-cyclones and torna- 
does being about thirty miles per hour, the rate occasionally 
rising as high as seventy miles and sometimes falling as low as 
ten miles. In fact, the eastward progress of these atmos- 
pheric disturbances, not infrequently, ceases for a short time, 
areas of high barometric pressure and also of low pressure, 
sometimes remaining almost stationary for several days over 
a wide region, the persistence of these,—particularly of a “thigh,” 
—being the primary cause of seismic disturbances, according to 
my theory. For instance, taking the normal barometric height 
at 30 inches a “high” at 30.5 inches and a contiguous ‘“‘low”’ at 
29.5 inches, there will be a difference of one inch in the pressures 
over the two areas, and this corresponds to an excess of pres- 
sure of nearly a half pound per square inch, a quantity ap- 
parently so trivial that it would seem incapable of exerting any 
very considerable stress upon the surface matter in the region 
overlaid by the “high,’’ and neither would it if the underground 
strata lay uniformly level and entire, and the pressure were 
equally sustained by each square inch of said strata; but, as is 
well-known, there are many areas below the Earth’s surface, 
in certain quite well determined regions, where the underground 
strata have been disturbed, broken and upheaved, these con- 
stituting points of weakness geologically known as “faults,” 
and. if even the aforesaid slight excess of pressure of a half 
pound instead of being uniformly sustained by each square inch 
of strata beneath, were to be combined over an area of, perhaps, 
thousands of square miles, transmitted to and concentrated, or 
as it were pivoted, upon any one, or more, of the aforesaid 
points of weakness, it is evident that the stress put upon said 
points might be almost inconceivably great and sufficient to dis- 
rupt and displace even the most rigid rocks, this action con- 
stituting what is called an “earthquake”’, an earthquake shock 
being, according to my theory in this connection, caused by the 
sudden rupture and displacement of underground, rocky strata, 
under an enormous stress due to an excess of atmospheric pres- 
sure in an area of high barometer persisting for an abnormal 
time over certain regions of the globe wherein there are points 
of weakness in the strata aforesaid. These areas of high, and 
of low, barometric pressure are continually passing eastwardly 
over the Earth’s surface, being frequently deflected from a 
regular path by reason of local and other conditions, and the 
question may be asked why are not earthquakes more frequent 
and wide spread than they are? To this question two sufficient 
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answers may be given, the first being that while great, or 
world-shaking, earthquakes are not as trequent as might be in- 
ferred under the conditions above stated, there are sufficient 
seismographic, and other, records to show that the superficial 
matter of our globe, particularly in certain regions, is continual- 
ly in a state of more, or less, intense vibration although it is 
only infrequently that the vibrations become sufficiently great 
to be sensible to the inhabitants of the affected regions. 

The second answer is that a considerable excess of atmos- 
pheric pressure may act upon the surface of the Earth without 
causing an appreciable effect of this kind, if it passes rapidly 
over a region in which there are areas of weakness in the rocky 
strata, just as a person may glide very rapidly over thin and 
yielding ice without breaking through the latter, whereas were 
he to remain for a time stationary thereon, or even to move 
very slowly across it, rupture of the ice would inevitably occur 
by reason of the pressure exerted upon it by his weight. High 
atmospheric pressure must persist fora sufficient time over a 
region in which there are geologic “‘faults,’’ in order to cause 
sensible results of this kind, although it is not necessary that 
the abnormal pressure should be directly over the point of weak- 
ness, as it may be transmitted thereto, from a considerable dis- 
tance, through the connected rocky strata. Of course, abnormal 
atmospheric pressure may thus persist without causing an 
earthquake, as the strata may all be in stable equilibrium 
sufficient to resist this pressure, and it is only when there is a 
state of unstable equilibrium therein, and probably some other, 
conditions existent, that rupture and displacement may result 
and cause an earthquake shock. 


During a couple of years, or more, past I have, by means of 


the United States. weather maps, investigated this particular 
subject quite closely, and in a considerable number of cases have 
found my theory in this connection verified by the occurrence of 
seismic disturbances on the Pacific and Atlantic coasts and else- 
where, the probability of occurrence of these having been in- 
dicated by the persistence of high barometric pressure, generally 
contiguous to a marked “low” in certain regions, and | have 
reason to believe that a means of quite definitely predicting the 
probability of occurrence of these phenomena a short time in 
advance, is at hand. 

Under this view seismic phenomena are quite intimately con- 
nected with and dependent upon meteorological conditions and 
this connection would explain the fact of the existence of what 
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has been called by persons living in regions subject to seismic 
disturbances, ‘earthquake weather” or, in other words, atmos- 
pheric conditions peculiarly affecting mankind as well as the lower 
animals and birds and presaging seismic disturbances. This 
condition the existence of which has been doubted, and even 
derided, by some scientists and others, but which, on the other 
hand, has been attested by many observant persons of high in- 
telligence, experience and credibility, with some of whom I have 
had personal acquaintance, is only a natural and scientific 
sequence of the peculiar physical and electrical conditions at- 
tendant upon high atmospheric pressure in which the air is 
usually calm, dry, clear and with a considerable steady electrical 
charge of positive sign, whereas under low atmospheric pres- 
sure in a storm center the atmospheric electricity, although it is 
of greater intensity, is subject to frequent changes of sign, and 
the peculiar electrification of high pressure air is most probably 
productive to the above mentioned physiological effects upon 
men and animals. This particular electrical condition, however, 
is not necessarily directly, if at all, a factorin the causation of 
sarthquakes, but is, most probably, only a concomitant phe- 
nomenon in the mass of abnormally high pressure air that is 
the immediate,—and purely mechanical,—cause of these seismic 
phenomena, according to my theory thereof above stated. 

As demonstrated by Lord Kelvin, Dr. See and others, the 
Zarth, as a whole, is an extremely rigid solid, (although its in- 
ternal temperature is very high) as otherwise the tidal action 
of the Moon and the Sun would not only distort it, but would 
cause the perturbation known as “precession,”’? which has been 
very accurately determined to differ from the established rate and 
itis only the rocky strata comparatively near the surface and 
of sedimentary origin, that give way under the stress of ab- 
normal atmospheric pressure, according to my theory above set 
forth, what is known as the ‘‘seismic focus,” or point in said 
strata where the rupture and slipping occur and whence the 
earthquake waves emanate, being located, in the majority of 
‘ases, at depths of only a few miles, the seismic focus in the case 
of the great earthquake at Naples in 1857 being found at a 
depth of 584 miles which is probably the depth, very approxi- 
mately, in the case of the recent great earthquake at Messina, 
Sicily, while in the case of one that occurred at Cachar, India, 
in January, 1869, the depth of the point of rupture was found 
to be about thirty miles which is very nearly the maximum 
depth of the seismic focus in the case of any earthquake, accord- 
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ing to that eminent seismologist, Mallet. In that portion of 
-art II of this paper, published in the March (1908) number of 
POPULAR ASTRONOMY, I have set forth scientific reasons for the 
enunciation of my theory that the internal matter of the Earth 
belowja depth of probably not more than ten miles is composed 
almostiwholly ot carbon, silicon and kindred highly refractory 
chemical elements, calcium, magnesium and their chemical com- 
pounds with other elements nearer the Earth’s surface, and that 
the internal matter is at a maximum temperature of 6,340 
degrees Fahrenheit by reason of the heat generated in the origi- 
nal secondary, or minor, gaseous condensation which is now the 
Earth by the compression of this gaseous matter, and retained 
therein, the temperature increasing downward at an average 
rate of fifty-five feet per second, as determined through my theory 
from the conductivity of the underground strata, and the rate 
of radiation from the surface of the Earth, into space, this rate 
agreeing almost exactly with that derived from many thermo- 
metrical observations in mining shafts, borings and wells, so 
that the maximum temperature of 6,340 degrees Fahrenheit is 
reached at a depth of only 66 miles below the surface if the 
mean temperature thereof be taken as 32° Fahrenheit. There- 
fore, if we take the depth of the seismic focus at 61% miles, the 
temperature of the rocky strata at that depth would be only 
634 degrees Fahrenheit, a temperature so low that it could not 
have, practically, any effect upon the rigidity and strength of 
the material composing the superficial strata of the Earth, 
which strata are the only ones the rupture and slipping where- 
of cause the earthquake shock; it is so far below the melting 
point of all these substances that it cannot bring them toa 
state of fusion, the melting points of the rocks composing these 
strata, being from four to eight times as high as the aforesaid 
temperature at the depth of the seismic focus, even those of 
metallic substances such as iron, ete., being not less than three 
times as high, so that we cannot regard the internal intrinsic 
temperature of the Earth as having, at the present time, aught 
to do with the causation of earthquakes, or the fusion, of those 
finely divided substances—mainly highly refractory silicates— 
that are ejected from volcanoes in an intensely heated and 
molten state in which they are known under the general term 
“lava’’, nor may the local earth-tremors preceding, or accom- 
panying, and caused by, the internal explosive action in a 
volcano, and resulting in the ejection of such molten matter, be 
regarded as ‘‘earthquakes”’ in the strictly scientific sense of the 
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word, an earthquake, according to my theory, being the result 
of abnormally great pressure, either atmospheric, or other, ex- 
erted upon the superficial strata of the Earth and being, as I 
shall now endeavor to demonstrate, a cause and not an effect of 
voleanic action. 

By the movement of the enormous mass of rocky strata above, 
and about, the seismic focus, or even long distances along the 
same level, portions of the strata along this level must be tri- 
turated, or very finely pulverized, by the friction therewith of 
the overlying mass of rocks, and by this friction must also be very 
highly heated, according to a well-known law of mechanics, that 
portion of the mechanical energy converted into heat by the 
transformation of the molar motion into molecular, or atomic, 
motion, or vibration, (which is known as ‘‘heat’’) by reason of 
the friction of the superincumbent moving mass upon certain 
portions of the lowest strata, increasing the temperature there- 
of by an amount (T) in degrees Fahrenheit that is determinable 
through the following equation :— 

FMV? FWV? 
- 22]S~~ 49637 S’ 

wherein M represents the mass, W the weight (both in pounds 
avoirdupois) and T the velocity (in feet per second) of the mov- 
ing mass, while g represents the acceieration due to terrestrial 
gravity the numerical value whereof is, very approximately, 
32.2 feet per second, / representing Joule’s well-known ‘‘mechan- 
ical equivalent” the experimentally determined value whereof is 
772 this being the number of thermal units, or number of degrees 
Fahrenheit through which one pound of water would be raised 
through one degree Fahrenheit, by the energy of one pound of 
matter falling through 772 feet, or 772 pounds through one foot. 
Now, while it has been determined by competent scientists, in 
the case ot several great seismic disturbances that have occur- 
red in recent times, that the velocity of propagation of an 
-arthquake wave through the more, or less, elastic rocky strata 
of our globe, is very great, it having been found to be, roundly, 
from 800 to 1,800 feet per second, at the Earth’s surface, the 
actual velocity of the oscillating particles was, approximately, 
fifteen feet per second and it is this velocity (V) that is a factor 
in the equation above set forth. The coefficient (F) of friction 
that appears in the right-hand member of that equation may 
be taken at 0.5, or even much nearer to one, and the specific 
heat (S) of the matter triturated and heated by the friction 
atoresaid, as 0.20. 
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The mean specific gravity of the underground rocky strata, 
from the Earth’s surface down to the mean depth of the seismic 
focus, six miles, or 31,680 feet below said surface, is, very ap- 
proximately, three, the weight of a cubic foot of such matter 
being therefore, roundly, 180 pounds, so that the mean weight 
(W) of a column of said matter one foot square and extending 
downward from the surface to the aforesaid depth of 31,680 
feet is 5,702,400 pounds. We, therefore, know the numerical 
ralues of all the algebraic quantities that appear in the last 
term of the right-hand member of the above equation, and sub- 
stituting them therein, a solution of that equation gives 64,622 


) kd hat 
degrees Fahrenheit as the numerical value of T, or the tempera- 
ture through which a pound of the matter at the depth atore- 
said, which is pulverized and heated by the friction due to the 
movement of the whole column of superincumbent rocky strata, 
in an earthquake, is raised above its normal, intrinsic tempera- 
ture which is, roundly, 630 degrees Fahrenheit if we take the 
constant mean temperature of the whole superficial matter of 
our globe at 54 degrees which is very nearly that at a depth of 
not more than 100 feet below the actual surface. Therefore, 
since there are 180 pounds in a cubic foot of the pulverized and 
heated matter at, and along, the level of the seismic focus, the 
temperature through which each cubic foot aforesaid is rais- 
ed is, roundly, 360 degrees if the movement continue for only 
one second, while if it were to continue for twenty seconds, the 
augmentation of temperature would be 7,200 degrees to which 
must be added the intrinsic temperature (630°) aforesaid, so 
that the matter would be at 7,830 degrees, a temperature at 
which all the affected matter even that most refractory element 
‘arbon would be melted, or even vaporized. 

Saint Paul, Minnesota. 
To be continned. 





THE COMET FAMILIES OF SATURN, URANUS AND 
NEPTUNE. 


H. C. WILSON 


FOR POPULAR ASTRONOMY. 

In Vol. VI of PopuLarR ASTRONOMY Plate I is a diagram of the 
comet tamilies of the planets Saturn, Uranusand Neptune, drawn 
by Dr. A. G. Sivaslian, of Anatolia College, Marsovan, Turkey. 
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One of our readers has recently called attention to a technical 
error in this plate and suggested that the diagram be revised 
and brought up to date. This we have attempted to do and 
the results are herewith presented. 

The error referred to is a technical one resulting from neglect- 
ing the inclinations of all the comet orbits to the plane of the 
ecliptic and drawing, not their projections upon that plane, but 
their true forms as if they all lay in that plane, indicating by 
dotted lines the portions of the curves which lie below the eclip- 
tic. In the case of the Jupiter family of comets the inclinations 
are in general so small that the diagram constructed in this 
way gives very nearly the true projection of the family of 
orbits. In the case of these outer families the inclinations aver- 
age much higher, so that a true projection would not give at 
all the true forms of their orbits. For example, the orbit ot the 
Pons-Brooks comet is inclined 74° to the plane of the ecliptic. 
The line of nodes or intersection of the plane of the orbit with 
the plane of the ecliptic makes an angle of 254° with the line 
from the Sun to the vernal equinox. In order to get the true 
perspective of the orbit one must imagine the right side of the 
ellipse to be lifted up from the paper and tipped over toward 
the left, the dotted portion being tipped downward and to the 
right, so that the projection will appear much narrower than 
the true orbit and will lie almost wholly within the projection 
of the orbit of Brorsen’s comet. The orbit of DeVico’s comet 
likewise must be tipped over through an angle of 85°, so that 
it will be almost perpendicular to the plane of the ecliptic, and 
will also lie almost wholly within the projection of the orbit of 
Brorsen’s comet. 

The orbit of Halley’s comet has an inclination of 162° and 
the longitude of the ascending node is 57°. The inclination is 
so great that the orbit must be tipped clear over to within 18° 
of the ecliptic on the other side, so that as projected its motion 
is backward (retrograde) and the aphelion point is in longitude 
125° approximately, instead of 345° as shown on Plate I, 
Vol. VI, where the effect of the inclination was neglected. 

Tempel’s comet (1866 I) also has an inclination of more than 
90° so that its motion is retrograde. Its line of nodes lies more 
nearly lengthwise of the orbit than does that of Halley’s comet, 
so that the change of position of the orbit when correctly pro- 
jected is not so marked as in the case of the latter comet. 

In the diagram Plate X we have given the true forms of 
all the orbits neglecting the inclinations except that in the 
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sase of Halley’s and Tempel’s comets the orbits have been plot- 


ted to correspond to retrograde motion. 
In the diagram Figure 1 the true projections of all the orbits 
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FIGURE 1 
True Projections of the Orbits of Saturn, Uranus and Neptune 
Families of Comets. 
have been drawn to the same scale as on Plate X. A glance at 
these diagrams shows at once the very marked change in posi- 
tion of the orbits of the Olbers, Pons-Brooks, DeVico and West- 
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phal comets when they are correctly projected. The paths of 
the Olbers and Westphal comets no longer reach out to the orb- 
it of Neptune, and they should probably not be classitied as 
belonging to the Neptune family. The fact that their descend- 
ing nodes are near the orbit of Jupiter would rather point to 
their being members of the Jupiter family. 

If, however, we take the position of the nodes as a criterion 
none of the six comets which have been reckoned in the Neptune 
group really belong there. Halley’s and Brorsen’s have their 
nodes near the paths of Earth and Mars; DeVico’s and Pons- 
Brooks’ belong to the Uranus group with Tempel’s and Coggia’s. 
None of these comets in their present orbits can approach near 
enough to Neptune to have their orbits very seriously disturbed 
by that planet. 

Of the two comets in the Saturn group, Peters’ has its de- 
scen ling node near the path of Saturn, but the nearer node of 
Tuttle’s comet is farther from Saturn’s than it is from Jupiter’s 
orbit, and it may be questionable to which planet the latter 
comet belongs. 

The elements which were employed in making the diagrams 
are given in Table I, together with a reference giving the au- 
thority for each. In every case we have selected what seemed 
to us to be the most reliable elements which have been published. 
Those of Halley’s comet are being revised by the aid of recent 
observations and so will be subject to slight changes, but the 
time of perihelion passage is now known within a small frac- 
tion of a day and the other elements cannot change very much, 

Of the ten comets four only have been observed at more than 
one apparition; Tuttle’s has been seen at five apparitions, Pons- 
Brooks’ and Olbers’ each at two and Halley’s at no less than 
twelve successive apparitions. Peters’ 1846 VI must be con- 
sidered as a lost comet since it has not been detected at any of 
its four returns since 1846. If its period is unchanged, it is due 
again in 1913. Tuttle’s and Westphal’s comets are also due in 
1913, DeVico’s should return about 1921, Brorsen’s about 
1928, Tempel’s in 1932, Olbers’ about 1960. Coggia’s was due 
somewhére from 1905 to 1909, but has not been detected, the 
period being uncertain by two or more years. Halley’s has 
recently come into sight onits return for 1910 but will not be 
visible to the naked eye until next April or May. 
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ORIGIN OF THE LUNAR TERRESTRIAL SYSTEM BY CAP- 
TURE, WITH FURTHER CONSIDERATIONS ON THE 
THEORY OF SATELLITES AND ON THE PHYS- 

ICAL CAUSE WHICH HAS DETERMINED 
THE DIRECTIONS OF THE ROTA- 

TIONS OF THE PLANETS 
ABOUT THEIR 
AXES.* 





T. J.J. SEE 





I. COMPARISON OF THE MOON WITH OTHER SATELLITES OF 
THE SOLAR SYSTEM. 

In A. N. 4308 the writer has adduced arguments tending to 
show that the planets and satellites of the solar system have in 
no case been detached from the central masses which now govern 
their motions, but have all been captured, or added from with- 
out, and have since had their orbits reduced in size and rounded 
up under the secular action of the nebular resisting medium 
formerly pervading our system. And in A. N. 4341-42 an out- 
line of the dynamical basis of this new theory of the origin of 
our satellite systems has been developed in sufficient detail to 
render it intelligible. The methods there given appear to be 
entirely rigorous, and sufficiently general to be convincing 
without the examination of particular phenomena, except in 
the case of the Earth and Moon, which is the only planetary 
sub-system about which any doubt could arise. 

The principal circumstance which might make our Moon seem 
different from the other satellites is its relatively large mass, 
which amounts to — of the mass the Earth. (cf. A. N. 3992, 
p. 117). This long ago led Professor Sir G. H. Darwin and 
others to the belief that its mode of origin probably was quite 
different from that of the other satellites of the solar system. 
But the considerations adduced by former writers rest on the 
hypothesis that our Moon and the other satellites have been 
detached from the central masses which now govern their mo- 
tions, and in A. N. 4308 this hypothesis has been shown to be 
no longer admissible. If our reasoning that the satellites have 
been captured is valid, it becomes advisable to examine the 
special case of the Moon with some care, and to inquire 
whether the Moon is, after all, relatively so large, or the Earth 





* From Astro. Nach. 4343. 
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merely comparatively small. In the following table will be 
found what I believe to be the best available diameters of the 
satellites of the solar system. 


TABLE OF SATELLITE DIAMETERS. 











Diameters Mass in terms 
Planet | Satellite in of the Earth’s Density 
kilometers mass as unity 

The Earth|The Moon 3480.5 1:81.45 3.81 

Mars Phobos 58 - as 
Deimos 16 _— ies 

Jupiter V 50 - — 
I 3145* 23 328.2 3.29 
II 2817 1: 135.5 3.76 
Ill 4770 1 38.75 2.70 
IV 4408 1: 146.5 0.90 
VI 160 — a 
VII 50 _ mis 
VIII 50 sais kal 

Saturn Mimas 351 1 : 143200 1.8 
Enceladus 528 1 : 42100 1.8 
Tethys 866 1 : 9450 ‘2 
Dione 1032 1 : 5642 1.8 
Rhea 1331 1 : 2632 1.8 
Titan 5049* 1: 49.4 1.79 
Hyperion 315 1: 197600 1.8 
Themis | 300 1 ‘ 200000 2 
Iapetus 1314 1: 1053 4.77 
Phoebe | 320 1 : 200000 1.8 

Uranus Ariel 1030 1: 5700 1.83 
Umbriel 835 1 : 10670 1.83 
Titania 1350 1: 2522 1.83 
Oberon | 1295 1 : 2856 1.83 

Neptune — Satellite 2962 1: 2838.7 1.83 


*A.N. 3764. 
II. FURTHER CONSIDERATIONS ON THE CAPTURE OF THE 
SATELLITES. 

In the paper on the dynamical theory of the capture of satel- 
lites (A. N. 4341-42), it has been shown that all the satellites of 
the solar system are well within Dr. G. W. Hill’s closed surfaces 
about the several planets; and it is made quite clear how these 
bodies have been brought within these folds by the secular ac- 
tion of the nebular resisting medium formerly pervading our 
planetary system. As is there pointed out, this disturbing cause 
has the effect of adding a secular term to the Jacobian integral, 
which thus becomes of the form : 


x? + y?+ ht. cd 
‘. V (x1 — x1)* + y? + 27 V (xj — X2)* + yi? + 27? 
‘= @& 
= C; + ajt;. i=0 (A) 
1 = time 
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In accordance with the usual notation of dynamics, the sub- 
script i may be used in this equation; for it will hold for an 
infinite number of particles of nebulosity in the system, and 
each particle will have its own surfaces of zero relative velocity. 
The secular coefficient is different for different particles, even 
when the co-ordinates are the same; because it depends on the 
velocity and direction of motion at the initial epoch. It will be 
determined by the resistance encountered along the actual path, 
and as infinite variation in the trajectory is possible, the value 
of the coefficient a; cannot be exactly specified for any given 
case. It is easy to see, however, that it will always be a definite 
one valued function. In the long run it will be positive, though, 
through the accidental collisions of the particle with others 
having different velocities and directions, it may temporarily 


become negative. If ai, a2 a3 ...a; be the values which this 
coefficient acquires at the epochs t), te, ts... ti, owing to ac- 


cidental collisions of the particle, some being positive and others 
negative, it is clear that for a long interval of time we may take 


I= @ 
a) 
a= 1 SS ag. 
1 ha (B) 
i= 


For any given path, starting at an initial epoch, t,, this func- 
tion will always be definite and comparatively small; but as the 
collisions are countless, and the values of the terms in the series 
4, 42, a3... a, will vary from one particle to another according 
to the path, no two ot the coefficients a,can be expected to be 
the same. We may form some idea of the numerical values of 
these coefficients by taking a == 0.00000001, and t; = 10000000 
years. Then for a particle with such a path the second member 
of equation (A) will, after the lapse of ten million years, have 
increased by 0.1. This will bring the Hill surface of the particle 
considerably nearer the central masses than it was at the out- 
set, so that in time it will become closed for that particle about 
one of the bodies, and the particle will therefore become a 
permanent satellite of the Sun or planet. 

Moreover, as the numerical value of the coefficient a; fluctuates 
somewhat with the time, owing to collisions, it is clear that the 
Hill surface is not strictly of constant dimensions, but varies 
slightly, according to the nature of the collisions which the 
particle suffers in its path about S and J. 


III. HILL’s CLOSED SURFACE ABOUT THE EARTH. 
We shall now consider somewhat more fully the problem of the 
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origin of the terrestrial Moon. From the data given by the 
table in the article above mentioned on the dynamical theory 
of the capture of satellites, we see that in this case the closed 
surtace extends to about 1,497,577 kilometers from the center 
of the Earth, or about four times the present distance of the 
Moon. This agrees very well with Dr. Hill’s estimate of the 
extent of this surface in his ‘‘Researches 'in the Lunar Theory,” 
pp. 300-301-334, where he finds the value of maximum luna- 
tion to be 204.896 days. 

It is true that in his Mécanique Céleste, Tome I, p. 109, Poin- 
saré has traced a looped orbit of even wider extent and longer 
period, and Lord Kelvin has drawn an orbit of similar type in 
the Philosophical Magazine for November, 1892, p. 447; but 
Professor Sir G. H. Darwin justly points out (cf. Periodic Orbits, 
p. 192), that both of these eminent mathematicians have neg- 
lected the solar parallax, so that the solutions given do not 
quite correspond with the ideal conditions of the problem. We 
are, of course, concerned here only with the space within the 
cusps as given by Dr. Hill, and not at all with the loops found 
by Poincaré and Lord Kelvin. 

If our Moon has therefore been captured by the Earth, it has 
at length come well within Hill’s closed surface. In fact, the 
Moon revolves at a distance corresponding tothe inner fourth of 
the possible radius. The same thing is true of the other satel- 
lites of our solar system, and they, too, are near the central 
portions of their several closed surfaces. 

Dr. Hill remarks that ‘It the body whose motion is considered, 
is found at any time within the first fold (the closed space about 
the Earth), it must forever remain within it, and its radius 
vector will have a superior limit.’’ Neglecting the secular effects 
of the resisting medium upon Jacobi’s integral, which has not 
been considered by previous writers, Moulton and others have 
drawn the unwarranted conclusion that because a satellite can- 
not now escape from a planet, so, also, conversely such a satel- 
lite cannot have come to its planet trom a great distance (cf. 
Astrophysical Journal, Vol. 22, pp. 177-178). But in the paper 
on the dynamical theory of the capture of satellites, we have 
established the erroneous character of this reasoning. Probably 
a considerable number of astronomers and mathematicians 
have been misled by this deceptive argument, which has the ap- 
pearance of sound mathematics, but is easily shown to lead to 
talse conclusions. 


In no other way can we account for the failure of previous 
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writers to recognize a truth which is of the first order of im- 
portance in our theories of the heavenly motions, and which 
alone gives us a clear insight into the nature of cosmical evolu- 
tion. This process by which satellites are captured and reduced 
to order and stability by revolving against resistance, is un- 
doubtedly one of nature’s greatest laws, and it operates uni- 
formly throughout the physical universe. 

IV. PHYSICAL GROUNDS FOR CLASSIFYING THE MOON WITH THE 

OTHER SATELLITES, ALL OF WHICH HAVE BEEN CAPTURED. 

It will be seen from the foregoing table that two of Jupiter’s 
satellites, III and IV, are considerably larger than our Moon; 
while Saturn’s satellite Titan is much larger. Jupiter’s satel- 
lites I and II have diameters nearly as large as that of the Moon, 
and the same is true of the satellite of Neptune, to which, 
however, considerable uncertainty attaches, owing to the great 
distance of that planet. In all cases where the satellites present 
no telescopic disks the diameters are calculated from the bright- 
ness: the albedo being taken to be the same as that of the 
planets about which they revolve, and the density one-third that 
of the Earth. 

It therefore two satellites larger than the Moon and two 
almost as large exist in the system of Jupiter, and if Titan in 
the system of Saturn is much larger, while the satellite of 
Neptune is almost as large, and the two larger satellites of 
Uranus probably have diameters about half as large, it cannot 
really be said that, when judged by the size of the satellites 
observed in other parts of the solar system, our Moon is ab- 
normally large. The real fact is that the Earth is comparative- 
ly small. And this makes the Moon seem relatively large, and 
gives rise to a mass-ratio of — , which is much the largest 
: , ‘ 1 
in the solar system, Jupiter being =~ of the Sun’s mass, and 

1047.35 

: 1 . : 

Titan only 4700 of the mass of Saturn. So far as one may 


judge from these considerations, therefore, there is nothing im- 
probable in the view that the Moon, too, was captured by 
the Earth. 

If we recall that our planet is considerably the most massive 
body within the orbit of Jupiter, and that the Sun’s enormous 
mass has been built up by the gathering in of small bodies, 
many of them certainly as large as the satellites, and perhaps 
even as large as the terrestrial planets, it will be seen that the 
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capture of the Moon by the Earth presents no inherent improb- 
ability. The throwing of hundreds of small planets within the 
orbit of Jupiter (cf. A. N. 4308), and the capture of dozens of 
periodic comets in the same way, affords us a good idea of the 
state of the solar system in the remote past. As the illustrious 
Euler remarked before the cosmogonic theories of Kant and 
Laplace were proposed, the Earth itself at one time moved as 
far out as where the asteroids now circulate, and we may add, 
in an orbit of considerable eccentricity. That such a planet as, 
the Earth should capture a companion planet (for the Moon is 
nothing but one of the neighboring planets which were once so 
numerous in our system), is perfectly natural, and now demon- 
strated to be entirely within the range of possibility. 
V. THE CHIEF OBJECTION TO THE THEORY THAT THE MOON WAS 

CAPTURED BASED ON DARWIN’S RESEARCHES ON 

TIDAL FRICTION AND COSMOGONY. 

The chief objection to the theory that the Moon was captured 
is based on Darwin’s celebrated researches on tidal friction and 
cosmogony (Proc. and Phil. Trans.; Roy. Soc., 1878-1882). 

The present writer has studied this work closely during the 
past twenty years and considers that the conclusions drawn 
by Darwin are quite justified in the premises. On the tradition- 
al view that the satellites were detached from the planets which 
now govern their motions, as taught by Laplace and his suc- 
cessors for more than a century, no other outcome than that 
traced by the masterly band ot Sir George Darwin was possible. 
But if our point of view is now changed, and we see clearly 
that all the other satellites were captured, the question natur- 
ally arises whether any good grounds can be adduced to show 
that the Moon should be considered to be an exception in the 
cosmogony of the solarsystem. After a very careful considera- 
tion of all the relations involved, it seems to me that we shall 
have to give up this idea, and regard the Moon as in the same 
class with the other satellites. 

It is true that Darwin’s work appears to be put together very 
powerfully by the relations he has brought out between such 
elements as the Earth’s time of axial rotation, the obliquity of 
the ecliptic, the eccentricity of the lunar orbit, etc., and the 
secular changes of these elements during past ages. With ad- 
mirable philosophic trankness Darwin asks whether all these 
apparent confirmations of his theory can be accidental. If we 
still believed the satellites were formed by any kind of separa- 
tion or process of detachment, as was taught by Laplace, we 
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should unhesitatingly answer by saying that the relationships 
which Darwin has so skillfully traced could not well be the 
result of chance. But with the whole point of view now chang- 
ed, and the capture of the satellites shown to be possible, in the 
way above described,—by the extension of the methods of Hill, 
Poincaré and Darwin, the latter’s work being especially useful 
and suggestive, all of which have come into use since the work 
on tidal friction and cosmogony was published thirty years ago, 
—it is difficult to escape the impression that the relationship 
‘there brought out will, after all, prove to be largely or wholly 
accidental, 

It might be best to leave the settlement of this question to the 
future, and avoid drawing hasty conclusions on so weighty a 
matter. For the probabilities in the case will appear different 
to different minds. Some will, no doubt, prefer the traditional 
view, and believe that the Moon has been detached from the 
Earth, while others will think it more probable that, like the 
other satellites, it came to us from the planetary spaces, and 
has since neared the terrestrial globe about which it revolves. 
In any case, tidal friction has exercised some influence on the 
past history of the lunar terrestrial system; but here, as else- 
where in nature, the influence of the resisting medium has 
largely counteracted the secular effects of tidal friction. If the 
Moon came from the heavenly spaces, the eccentricity of the 
lunar orbit is more likely to be the survival of an original ec- 
centricity than a development due to tidal friction, because in 
this event the latter cause will have been much less powerful 
than has been heretofore supposed. 

If the Moon was captured, and not detached from the Earth, 
as Darwin supposed, there would be no necessary relationship, 
and but little exchange need have taken place, between the 
moment of momentum of the Earth’s axial rotation (0.7044) 
and the moment of momentum of the Moon’s orbital motion 
(3.384). And the great moment of momentum of the whole 
lunar terrestrial system might be the more easily explained. 
The Moon’s great distance and relatively large mass is favor- 
able toa large orbital momentum, and thus it might well be 
4.8 times that of the Earth’s axial rotation (cf. Appendix to 
Thomson and Tait’s Nat. Philos., Volume I., Part II., p. 508), 
even if the latter had not been decreased and the former increas- 
ed by tidal friction. In tact, this very large moment of momen- 
tum of the Moon’s orbital motion is a very suspicious circum- 
stance, and is not easily explained, except on the supposition 
that it points directly to the capture of our satellite. If so, we 
shall have to give up the accepted view that the Earth formerly 
rotated so rapidly that it was highly oblate and finally became 
unstable and broke up into two masses; and the corresponding 
problems of Astronomy, Physics of the Earth and Geology will 
have to be re-examined trom the ground up. 

To be continued. 





7 
> 
2 
= 
° 
é 
& 
9 
2 


Planet Notes 641 





PLANET NOTES FOR JANUARY, 1910. 


Mercury will be at greatest elongation, east from the Sun 19 3’, on jan. 9 
at 13" central standard time, and so will be evening star, visible in the west- 


ern sky after sunset, during the week preceding and that following that date. 


WOZTSOR HL4ON 





THE CONSTELLATIONS AT 9:00 P. M., JANUARY 1, 1910. 
The brightness of the planet will relatively be great during this period, so that 
it will be quite easy to pick up with the naked eye. Look 


toward the south- 
west about half an hour after sunset. Later in the 


month Mercury will be in- 
visible in the glare of the Sun, coming into inferior conjunction on Jan, 25 


«VJ. 


Venus will be higher up and about 30° toward the east from Mercury, and 
will be visible a couple of hours longer in the evening. Venus will be at her 
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greatest brilliancy on January 7. Her phase is crescent only three-tenths of 
the diameter being illuminated on Jan. 1. During the month the crescent will 
rapidly be narrowed until on the last day its width will have diminished to one- 
twentieth of the apparent diameter of the planet. 

Mars will be at quadrature 90° east from the Sun on Jan. 17, and will be 
nearer the meridian in the early evening during the month. Starting north of 
Saturn in the constellation Pisces, Mars will move northeastward into Aries, 
widening the distance between himself and Saturn perceptibly every day. 

Jupiter will te at quadrature, 90° west from the Sun, Jan. 4 and so will be 
visible toward the east in the morning. 


Saturn will be at quadrature, 90° east from the Sun, Jan. 7, and is near the 
meridian with Mars in the early evening. 

Uranus is invisible this month, being in conjunction with the Sun Jan. 11. 

Neptune will be at opposition Jan. 8, and is therefore in best position for 
study. As Neptune is not visible to the unaided eye, one must use a good tele- 
scope and know its exact place in the sky in order to findit. The planet is in 
the constellation Gemini, nearly overhead at midnight. Its position for Jan. 1 
is Right Ascension 7 18™ 185, Declination north 21° 31’. It will move slowly 
westward so that on Jan. 31 the position will be Right Ascension 7" 14" 468, 
Declination north 21° 37’. 





Occultations visible at Washington. 


IMMERSION. EMERSION. 

Date Star’s Magni- Washing- Angle Washing- Angle Dura- 
1909 Name tude. ton M.T. f'm N. ton M.T. f'm N tion. 

h m ad h m ° h m 
Jan. 3 / Virginis 4.8 14 55 184 15 30 243 0 35 
5 v Librae 5.3 17 48 112 19 O09 317 1 21 
5 22 Librae 6.5 18 18 150 19 34 278 1 16 
6 XLibrae 4.9 16 50 145 17 53 272 1 03 
14 7 Aquarii 4.4 4 44 55 5 56 237 1 12 
20 53 Tauri 5.3 10 31 76 11 45 256 1 14 
20 247 8B. Tauri 5.6 14 45 47 15 28 299 O 43 
23 A Geminorum 6.1 ii 6) 139 12 55 240 1 04 
26 7 Leonis 3.6 9 29 93 10 41 305 i iz 
26 42 Leonis 6.1 19 20 73 20 O1 338 oO 41 
28 » Virginis 4.2 12 O06 113 13. 26 313 1 20 





COMET NOTES. 





Search Ephemeris for Giacobini’s Comet 1896 V.—In A. N. 4364 
Mr. M. Giacobini gives elements of his periodic comet 1896 V, corrected for the 
perturbations by Jupiter and reduced to the epoch 1909.0. The new elements 
are as follows : 

T = 1909 Dec. 19.364 Paris m. t. 
wo = 140° 36’ 12” 


Q=193 34 56 1909.0 
i 11 21 24 | 
? 35 46 55 


log # = 2.782812 
log a = 


Ephemerides have been computed on three assumptions for the time of perihe- 
lion passage, viz. T = Dec. 9.364, T = Dec. 19.364 and T = Dec. 29.364. 
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Ephemeris of Comet 1896 V (Giacobini), 








T = December 9.364 ‘4 December 29.364 
1909-10 a 6 a 65 
h n , 1 m , 
Dec. 2 19 59 —14 26 19 24 —15 9 
4 20 6 14 17 i9 31 15 3 
6 20 13 14 7 19 37 14 57 
8 20 3 13 56 19 43 14 50 
10 20 27 13 44 19 50 14 41 
12 20 33 13 30 19 57 14 30 
14 20 40 13 #16 20 3 14 19 
16 20 47 13 1 20 10 14 7 
18 20 53 12 46 20 16 13 55 
20 21 0 12 30 20 23 13 42 
22 21 7 12 12 20 30 13 27 
24 21 13 11 54 20 36 13 12 
26 ai 430 11 35 20 43 12 56 
28 21 26 J1 15 20 50 12 39 
30 21 33 10 55 20 56 12 21 
Jan. 1 21 40 10 25 21 3 i2 2 
3 21 46 10 13 21 10 11 43 
5 21 52 9 50 oa 38 11 23 
7 21 3s9 9 27 21 23 11 2 
9 22 6 9 3 21 30 10 41 
12 23 i2 8 39 21 3&6 10 19 
13 22 18 8 14 2 13 9 57 
15 22 25 7 +8 2 50 9 34 
17 22 31 4 22 21 56 9 10 
19 22 37 6 56 22 3 8 46 
21 22 44 6 29 22 10 8 21 
23 22 50 — 6 2 22 16 — 7 55 
Ephemeris of Comet 1896 V (Giacobini).—Continued. 
T = 1909 December 19.364 
1909-10 a 6 log r log A E 
h m 8 , 
Dec. 2 19 41 9 —14 49 
4 19 47 45 14 42 0.165 0.302 0.57 
6 19 54 21 14 34 
8 20 1 1 14 25 
10 20 7 41 14 14 
12 20 14 20 14 2 
14 20 21 2 13 49 
16 20 27 44 is 36 0.164 0.310 0.56 
18 20 34 26 13 22 
20 20 41 7 13 , 
22 20 47 48 12 50 
24 20 54 39 12 3 
26 21 i ha ke 
28 21 7 5O 11 59 0.165 0.320 0.55 
30 21 14 31 11 40 
an. 1 21 21 9 11 20 
3 21 27 48 10 59 
5 21 34 25 10 38 
7 21 41 O 10 16 
9 21 47 33 9 5&3 0.170 0.332 0.51 
11 21 54 6 9 30 
13 22 O 35 9 6 
15 22 7 3 8 42 
17 22 i3 31 8 16 
19 22 20 3 t Ba 
21 22 26 38 7 26 0.181 ).350 0.45 
23 22 33 13 — 7 0 
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Definitive Orbit of Comet 1898 VI (Perrine).—In A. N .4365 are 
given the results of a detinitive computation of the orbit of this comet, from all 
the published observations, by Heber D. Curtis and Laura Shearer Richardson. 
The orbit does not differ sensibly from a parabola. 


T = 1898 Aug. 16.20558 Gr. m. t. 


w = 205° 37’ 39” .45 

02 259 O05 54 .69 

i vo: Gl Ge .36 
log q 9.7968783 

¢ = 10 





Winnecke’s Periodic Comet was found by Porro at La Plata on the 


night of October 31. Its position as measured was 
Greenwich m. t. R.A. Decl. 
1909 Oct. 31.5040 Lg" t2"° Ga*6 —27° 18’ 43” 


The correction to the ephemeris given in our last number appears to be —50*.2, 
me 
+ ¢ .G. 





Halley’s Comet.—A letter has been received at this observatory from 
Father G. M. Searle, C.S. P., giving the tollowing results of his recent calcula- 
tions on Halley’s comet. ‘‘Assuming the values of &, i, w and a from Cowell and 
Crommelin’s final orbit, (The Observatory, xxxii, 402) I computed e and T in- 
dependently from the mean of the observations at Mt. Hamilton Sept. 12, 13, 
14, from the observation at Williams Bay Sept. 26, and from that of Oct. 19, 
with the following result. 

(2) © = .961278, T— Apr. 19:710. (2) e= 867275, T= Apr. 19.695. 
(3) e= .967276, T Apr. 19.692 


The following ephemeris results from the last set. 


Gr. Noon a 1909.0 5 log A Br. 
ne : , 

1909 Nov. 5 5 45 0 +36 51.0 0.297 1.00 

9 5 36 46 16 48.1 0°275 1.15 

13 So ae at 16 44.1 0.253 1.32 

17 5S 26 27 16 38.4 0.232 1.51 

21 5 4 15 16 29.7 0.211 1.72 

25 4 50 40 16 18.3 0.192 1.96 

29 4 35 48 +16 3.1 0.174 2.22 


These elements give a geocentric conjunction in longitude of the comet with the 
Sun on May 189.681 Gr. M. T., the comet’s geocentric latitude being then 
+4’ 15.” Though this result cannot, of course, be accepted as final, it seems 
quite probable that there may be a trarsit.”’ 
Astronomical Bulletin, No. 367, 
Harvard College Obseryatory, 
Cambridge, Mass., Nov. 2, 1909. 





Halley’s Comet.—The comet is steadily brightening, but will not be 
visible in a small telescope for some time yet. We first detected it with the 
sixteen-inch telescope at Goodsell Observatory on the night of Nov. 5. 


It was 
small and round, not bright enough for measurement with our micrometer. 
On the same night a photograph taken with the eight-inch refractor shows the 
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comet plainly. The plate was moved at a rate almost equal to that of the 


motion of the comet. The image of the comet with an exposure of 80” is 
about a half millimeter long and one-fourth as wide. There is a fine black 


streak running lengthwise through it indicating the presence of a star- 
like nucleus. 

During November the course of the comet has been westward along the 
north boundary of Orion to the Hyades. In the first days of December it will 
pass through the Hyades and during the rest of the month and through Jan- 
uary, February and March it will continue to move westward, through 
Taurus, the head of Cetus, and Pisces. It will probably not be visible to the 
naked eye until it comes out from behind the Sun in March. 

Attention was called last month to the probability of a very close conjunc- 
tion of the comet with the Sun on May 18. Later calculations indicate that 
the conjunction will be so close that the comet will for a few hours be in 
transit across the face of the Sun. If so, this will furnish a unique opportu- 
nity for the study of the question whether any part of the comet is at all opa- 
que to sunlight. Unfortunately this transit will occur after the Sun has set in 
the United States. 

Mr. F. E. Seagrave using as the time of perihelion passage April 19.692, 
1910, as computed by Father Searle in the Harvard Bulletin No. 367 given 
above, has calculated the following positions of the comet and the Sun at ap- 
proximately the moment of heliocentric conjunction of the comet and Earth, 
May 18 16" 20" Greenwich mean time : 


Comet sun 
R. A. 3" 40" 158.70 35 40" 05°.13 
Decl. -19° 38° 11”.8 +19° 34’ 10.5 
This would place the comet’s nucleus less than 5’, or one-third of the Sun’s 


apparent radius, out from the center of the Sun’s disk 

It thus seems practically certain that during the night of May 18 the Earth 
will pass through a portion of the tail of the comet and that for several 
mornings before and several evenings after that date the comet will be a 
magnificent object in the heavens. Before May 18 it will be seen toward the 


east in the morning and after that date toward the west in the evening. 


On the night of Nov. 18 the comet was bright enough fora good measure 
of its position with the 16-inch telescope. The position came out as follows : 
Greenwich m. t. App. a App. 6 
Nov. 18 17" 3" 108 5 11 30°.22 +16 34’ 54.2 


agreeing very closely with the position given in the November number of 
PopuLAR AsTRONOMY, p. 577. On the same night a photograph taken by Mr. 
C. H. Gingrich at Goodsell Observatory with the six-inch star camera and an 
exposure of one hour, shows a round rather sharp image of the comet, with an 
exceedingly faint tail about 6’ long and about 1’.5 wide. The tail is slightly 
curved and looks like the miniature of a great comet. 
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Minima of Variable Stars of the Algol Type. 





[Given to the nearest hour in Greenwich Mean Time beginning with noon. To reduce to 
Central Standard time subtract 6 hours, or for Eastern time subtract 5 hours.] 


SY Androm. RZ Cassiop. RT Persei RW Persei RW Monoc. 
d h d ’ « h d h d h 

Jan. 12 17 Jan. 25 17 Jan. 18 16 Jan. 13 1 Jan. i a 
26 21 19 13 26 5 3 15 

U Cephei 28 2 20 9 ee 5 13 

Jan. 2 12 29 7 21 6 ne 7 10 
5 O 30 11 a ioe Ge 9 8 

7 42 31 16 22 29 - 11 6 

10°. © ee 23 19 RY Aurige 1% 4 

Fe es 24 15 Jan. 38 15 151 
ee” le 25 12 6 9 16 23 

17 11 a a0 26 8 9 2 18 21 

19 23 11 13 27 «4 11 20 20 18 

22 11 14 5 28 1 14 13 22 16 

24 23 16 20 28 21 it 6% 24 14 

27 21 19 12 29 17 20 0 26 12 

29 22 99 3 30 14 22 18 28 9 

24 19 31 10 25 11 30 7 
Z Persei 27 10 : 28 4 RX Geminorum 

Jan. 2 22 30 2 Tauri 30 22 Jan. 6 4 
6 0O _ Jan. $11 RZ Aurigze SS 

9 1 RX Cephei 8 19 Jan 110 30 14 

12 2 Jan. 2 13 am Se 4 19 RU Monoc. 

15 4 8 Persei 16 7 7 9 Jan. 1 19 

18 5 Jan 2 11 20 66 10 20 2 16 

21 6 5 8 24 65 13 20 3 14 

24 8 8 5 28 4 16 21 4 12 

27 «9 ii 2 sad 19 21 5 9 

30 10 13 22 RW Tauri 29 9 Se 

, 16 19 Jan. 2 5 25 22 7 4 

RY Persei 19 16 5 O 28 eae Ss 2 
Jan. 4 15 22 13 t 2 2] 23 8 23 
22 42 25 10 10 13 ps eS a ae 9 21 

184 #9 28 «6 i138. 7 RW Geminorum 10 18 

25 5. °" 31 8 16 2 Jan 3 4 11 16 

18 20 = 3 12 13 

RZ Cassiop. RT Persei 21 15 8 22 13 11 
Jan. 1 19 Jan. E at 24 9 11 19 14 8 
3 0 2 13 27 4 14 15 15 6 

4 4 3 10 29 22 \7 12 16 3 

5 9 4 6 20 9 ig 3 

6 14 5 2 RV Persei 23 «6 17 22 

7 18 5 23 Jan. 2g 99 26 3 18 20 

8 23 6 19 ~ 4 22 28 23 19 17 

10 4 7 15 6 21 31 20 20 15 

11 8 S: 42 8 20 U Columbez ot i 

12 13 9 & 10 20 Jan 3. «0 22 10 

13 18 10 5 12 19 5 19 23 7 

14 23 it (3 14 18 8 15 24 5 

16 3 i 2 16 18 11 10 25 2 

7 6s 12 18 18 17 14 5 26 0 

18 13 13 14 20 16 17 O 26 21 

19 17 14 11 22-16 19 19 27 19 

20 22 16 7 24 15 22 15 28 16 

22 6s 16 3 26 15 25 10 29 14 

os. 7 17 O 28 2s 28. 5 30 11 

24 12 17 20 30 13 31 0 31 9 




















Minima of Variable Stars of the Algol Type.—C 


RY Geminorum V Puppis 
c h d h 
Jan. 3.16 Jan. 10 38 
12 2 11 14 
22 6 12 1 
31 13 14 12 
R Canis Maj. 15 23 
17 10 
Jan. 0 19 18 20 
i 22 20 7 
3 1 21 18 
4 4 23. «5 
5 8 24 16 
6 11 26 3 
7 14 27 14 
8 18 29 1 
9 21 30 12 
11 0 31 23 
12 3 
13 4 
14 10 X Carinze 
15 13 Jan. i 22 
16 16 3 O 
1z7 20 4 2 
18 23 5 i 
20 2 6 6 
21 5 7 8 
22 9 8 10 
23 12 9 12 
24 15 10 14 
25 18 li 16 
26 22 12 18 
28 1 13 20 
29 4 14 22 
30 7 16 © 
31 11 17 2 
18 4 
Y Camelop. 19 6 
Jan i 383 20 8 
4 10 21 10 
7 18 22 12 
11 1 23 14 
14 8 24 16 
i 2G 25 18 
20 23 26 20 
24 6 27 22 
27 14 29 8) 
30 21 30 2 
3 4 
RR Puppis 
Jan. 2 4 
8 15 S Cancri 
15 1 Jan. 7 21 
21 11 17 & 
2 6 Os 26 20 


V Puppis 


Jan. 


Ono -fboe 


10 
20 
7 
18 
5 
16 


S Velorum 


Jan. 4 6 
10) 4 
16 3 
22 1 
2i 23 


Variable Stars 


Y Leonis 
d 


Jan. 1 7 
2 23 
4 16 
6 8 
8 1 
9 17 

11 9 
13 2 
14 18 
16 11 
18 3 
19 20 
an 632 
23 5 
24 21 
26 14 
28 6 
29 23 
31 15 


RR Velorum 
Jan. 2 15 
4 11 

6 Ss 

8 i 

10 1 

it 

13 18 

15 14 

as 639 

io 7 

21 4 

23 O 

24 21 

26 17 

28 14 

30 10 

SS Cancri 
Jan. 3 18 
1 2 

Ps 10 9 
13 16 

16 23 

20 7 

23 14 

26 21 

30 4 

RW Urs. Maj. 
Jan rie rj 
15 1 

22 9 

29 17 

Z Draconis 
Jan. 1 16 
3 1 

4 10 


Z Draconis 
h 


Jan. 


SS Centaur 


Jan. 


Jan. 


Jan. 


d 
5 18 
7 3 
8 11 
9 20 

11 4 

i2 is 

13 22 

15 6 

16 15 

17 23 

19 8 

20 16 

22 1 

23 10 

24 18 

26 3 

ry aa 

28 20 

30 o 

31 13 


so 2 
6 8 
8 19 
11 6 
13 18 
16 5 
se (iT 
21 4 
23 16 
26 3 
28 15 
3 2 
Libre 
2 18 
= 9 
r 10 
9 18 
12 1 
14 9 
16 17 
19 1 
21 19 
2a i% 
26 1 
28 Ss 
30 16 


y ~ 
5 19 
9 6 
if 27 
16 3 
19 14 
23 1 
26 12 
29 23 


ontinued. 
SX Ophiuchi 
d h 
Jan. 1 18 
3 20 
5 21 
7 23 
10 0 
12 2 
14 3 
16 5 
1s 6 
20 8 
22 9 
24+ 11 
26 12 
28 14 
30 15 


SW Ophiuchi 
Jan. °° 3 


§ 12 
7 23 
10 9 
12 20 
15 7 
17 18 
20 4 
22 15 
25 2 
27 12 
29 23 
R Are 
Jan. 4 0 
8 11 
i2 2) 
17 7 
21 17 
26 3 
30 14 


U Ophiuchi 


Jan. 1 8 
2 4 
3 0 
3 20 
4 16 
5 13 
6 9 
a 5 
8 1 
8 21 
9 17 
10 13 
11 9 
12 6 
13 2 
13 22 
14 18 
15 14 
16 10 
17 6 
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Minima of Variable Stars of the Algol Type.—Continued. 


U Ophiuchi U Ophiuchi U Ophiuchi Z Herculis TT Androm. 


d h d h d h d h d h 
Jan. 18 2 Jan. 23 23 Jan. 31 20 Jan. 24 4 Jan. 14 8 
18 23 24 20 Z Herculis 28 4 17 8 
19 19 25 16 Jan. 4 65 TT Androm. 19 21 
20 15 26 12 8, 5 Jan. 3. 7 22 15 
3 a 2t 68 12 § 6 1 25 10 
22 t 29 L i6 5 8 20 28 4 
23 «3 30 60 20 4 11 14 30 22 





Maxima of Variable Stars of Short Period not of the Algol Type. 





Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 
the names of the stars. 

SX Cassiop. SX Aurigae RS Orionis 


W Carinae RZ Centauri 





d h d h d h d h d h 
Jan. 7 16 Jan. » € (—2 0) Jan. 12 11 Jan. ¢ 2 
Bape er, 3 290 Jan. 2 O 16 20 ~ 8 1 
SY Cassiop. 5 9 9 13 21 5 8 23 
Jan. 4 20 6 22 17 3 25 it 9 292 
> = 8 10 24 16 29 23 10 2 
12 24 9 23 an 11 19 
17 : 11 12 a s M useie 12 17 
25 5 “ c. Jan. 10 17 Jan. 7 13 = 7 
a 6 16 > W Geminorum a7 h 15 13 
7 +P (—2 2) 26 2 ae es 
RW Cassiop. 17 15 an. 8 21 16 11 
(-—5 19) 19 + J 16 19 r Crucis 17 10 
Jan. os 2g 20 16 o4 17 jane as 18 8 
18 12 22 5 = ' Jan. 5 4 19 7 
: 23 18 § Geminorum il 22 20 5 
SU Cassiop. 95 7 (—5 0) 18 15 os ft 
(—O 22) 9 i¢ Jan. 10 10 y- ri 29 9 
oo i9 . 20 9 ae “ 
Jan. 4 28 8 20 14 23 i 
2 2+ 299 21 ‘30 18 R Crucis 223 23 
4 23 a _— (—1 10) aa ais 
6 21 31 10 RU C wer ss Jan. 1 18 - a 
‘ — Ss (—¢ 2 : = ox z 
5 2 SY Aurigae Jan. 16 23 ; = 26 19 
10 19° Jan. o a0 * ; 13 10 27 18 
12 18 12 22 V Carine 19 §& 28 16 
14 16 23 (—2 4) 25 1 > 35 
16 15 Jan. 3 15 30 21 af 
1S 14 Y Aurigz 10 7 sal Rare me a 
20 13 (—O 18) , O S Crucis wh 16 
99 11 Jan. 1 19 23 17 (—1 12) W Virginis 
24 10 6 15 30 9g Jan. 3 16 on ee 
oe 2 a 8 8 — = 
26 9 a 12 T Velorum 13 1 29 7 
28 8 3 9 =< 22 tT 47 V Centauri 
30 ci 17 > jan. 1 19 59 10 ( : 1 : 11) 
a. 2 6 11 eet ae , 
= ‘ eae due oT § an. 1 12 
SV Persei 25 22 li 63 | R. J 6 24 
Jan. 4 7 28 19 15 18 < . 12 12 
= we Pr 20 9 ~—— a 
26 13 RZ Geminorum 25 1 4] RZ —— 4 4 
ig . (—1 7) = t Jan. 1 2: 
RX Aurige Jan. 5 1 29 16 2 10 28 23 
(—4 0) 10 14 W Carine 3 8 RTriang. Austr. 
Jan. 3 23 16 2 (—i 0) £ 7 —2 @ 
15 14 21 14 Jan. x Ee 5 5 Jan. 3 10 
2t 6S 27 3 8 2 6 4 6 19 
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Maxima of Variable Stars of Short Period not of the Algol Type.-Con. 





R Triang. Austr. Y Ophiuchi U Vulpecule T Vulpeculae Z Lacertae 
J fo h ( d h d A. d h d h 
an. 5 —< (—2 3) (—1 10) an. 10 4 
13 14 Jan. 3 15 Jan. 5 2 Jan. 4 5 } 21 1 
16 23 20 18 13 1 8 16 31 22 
20 «9 21 1 is 2 
23 18 W Sagittarii 29 0O 17 12 RR Lacertae 
27 83 — * ee ull tee 21 23 (—1 2) 
30 14 Jan. 4 14 SU Cygni 26 9 Jan. 5 10 
; 12 5 —. 30 20 11 20 
S Triang. Austr. 19 19 Jan. a oe is ¢ 
(—2 2) 27 ¢ ‘ o iain ee , - } 
Jan. 5 4 slits 10 23 r'X Cygni A = 
“ ‘ P ¢ 5 19 o 2 
12 12 y Sagittarii a fe 
18 19 (—-2 2) 18 16 « , V Lacertae 
25 3 Jan. 1 13 22 12 (—1 16) 
Si il 7 3 26 8 VY Cygni Jan. 2 19 
ae: 13. 2 30 65 (—2 14) 7 18 
S remy 18 2] Jan 1 14 12 18 
fn 10) 24 15 n Aquilae 9 17 iz ww 
Jan. 4 21 30 10 rm 2 6) 17 10 22 17 
= an : 36 25 7 ae & | 
“ . \ Re ntibanee S 22 . 
, U Sagittari 16 ) : X Lacertae 
RV Scorpii a ee ae VZ Cygni Jan 2 9 
(—1 10) Jan. 6 11 23 i (—1 ~~ 1) mo a 19 
lan. 3 12 13° 5 30 11 Jan. 4 15 = 
9 13 19 22 9 12 14 6 
15 15 26 16 S Sagittae 14 9 19 17 
2 6 (—3 10) 19 5 <0 3 
a ro BLyre Jan. 2 10 24 2 30 14 
= ‘ (—3 2) 10 19 28 22 —I : 
RV Ophiuchi, = (—3 19 4 oe SW Cassiop. 
Minimum Jan. 2 = 27 13 Jan. 7 10 
Jan. 1 6 15 17 Y Lacertae 4 21 
4 23 oe te X Vulpeculae (—1 10) elaee 
8 15 “s 9 (—2 1) Jan. 3 12 22 17 
12 8 28 15 Jan. 5 8 7 19 28 4 
16 0 eee 3 6&6 12 3 °c 7...: 
i9 17 aber 17 24 16 11 “ec —" 4 
23° 9 Jan. 3 3 247 20 19 Jan. 1 17 
a3 2 : 12 6 30 15 25 3 3 g 1 
30 18 2 8 ae <9 10 
4 - V Vulpeculae i. = 
X Sagittarii ; Minimum ‘ . 26 29 
(—2 22) U Aquile Jan. 6 19 Y Cephei or ae 
Jan. 1 2 (—2 4) Jan = = RY Cassiop. 
8 2 Jan. 4 65 X Cygni is 2s (—7 10) 
16 83 11 6 (—6 ~~ 19) 16 21 Jan. 6 1 
22 3 18 6 Jan. 6 14 22 6 ig 4 
29 3 25 7 22 23 27 15 30 = 68 





Approximate Magnitudes of Variable Stars on Nov. 1, 1909. 


[Communicated by the Director of Harvard College Observatory, Cambridge, Mass. ] 





Name. R. A. Decl, Magn. Name. R.A. Decl. Magn, 
1900. 1900. 1900. 1900. 
h m ” 2 h m 2 

XAndrom. 0 10.8 +46 27 12.6d RW Androm. 0 41.9 +32 8 10.6d 
T Androm. 17.2 +26 26 10.4d V Androm. 44.6 +35 6 12.5d 
T Cassiop. 17.8 +55 14 8.57 RR Androm. 45.9 +33 50 13.3d 
R Androm. 18.8 +38 1 7.5d RV Cassiop. 47.1 +46 53 <13.5 
S Ceti 19.0 — 9 53 8.77 W Cassiop. 49.0 +58 1 8.7d 
Y Cephei 31.3 +79 48 12.0d Z Ceti 1 16 — 2 1 10.7d 
U Cassiop. 40.8 +47 43 8.9d U Androm. 9.8 +40 11 <14 
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Approximate Magnitudes of Variable Stars on Nov. 1, 1909—Con., 


Name. R. A. Decl. Magn. Name. R.A Decl. Magn, 
1900. 1900. 1900 1900 
h m = 4 h m ° 4 

S Piscium 1124 + 8 24<14 S Bootis 14 195 +54 16 83 
S Cassiop. 12.3 +72 5 11.57 U Urs. Min. 15.1 +67 15 8.5. 
U Piscium 17.7 +12 21 11.87 V Bootis 25.7 +39 18 10.8 
R Piscium 25.5 + 2 22 12.07 R Camelop. 25.1 +84 17 9.1d 
RU Androm. 382.8 +38 10 10.27 R Bootis 32.8 +27 10 7.51 
Y Androm. 83.7 +38 50 10.7d SCoronae 15 17.3 431 44 12.5 
X Cassiop. 49.8 +58 46 10.5 S Urs.Min. 33.4 +78 58 10.0 
U Persei 53.0 +54 20 8.0 RCoronae 44.4 +28 28 10.71 
S Arietis 59.3 +12 3 11.87 X Coronae 45.2 +36 35 11.57 
R Arietis 2 10.4 +24 35 11.8d R Serpentis 46.1 +15 26 12.6d 
W Androm. 11.2 +43 50 £8.5d V Coronae 46.0 +39 52 11.77 
Z Cephei 12.8 +81 13 12.87 Z Coronae 52.2 +29 32 <14 
o Ceti 14.3 — 3 26 4.5d R Herculis 16 1.7 +18 38 14.0 
S Persei 15.7 +58 8 9.3 RR Herculis 1.5 +50 46 8.4 
R Ceti 20.9 — 0 38 12.8d U Serpentis 2.5 +10 12 10.3d 
RR Persei 21.7 +50 49 13.0 W Coronae 11.8 +38 3 12.5 
U Ceti 28.9 —13 35 12.5 U Herculis 21.4 +19 7 8.8d 
RR Cephei 30.4 +80 42 10.67 SS Herculis 28.0 + 7 3 13.0 
R Trianguli 81.0 +33 50 8.8d W Herculis 31.7 +37 32 13.7 
T Arietis 42.8 +17 6. 8.8i R Draconis 32.4 +66 58 12.0d 
W Persei 43.2 +56 34 9.0 S Herculis 47.4 -+15 7 9.5d 
U Arietis 38 5.5 +14 25 13.8 RV Herculis 56.8 +31 22 <13.0 
X Ceti 14.3 — 1 26 11.6d RT Herculis 17 6.8 +27 11 9.71 
Y Persei 20.9 +43 50 9.6d RS Herculis 17.5 +23 1 8.31 
R Persei 23.7 +35 20 12.5d RU Ophiuchi 28.1 + 9 30 9.0 
Nov. Per. 2 24.4 +43 34 12.4 RT Ophiuchi 51.1 +11 11 <13.5 
T Tauri 4 16.2 +19 18 11.0 T Draconis 54.8 +58 14 10.57 
R Tauri 22.8 + 9 56 13.5 — Draconis 54.7 +58 14 11.3 
W Tauri 22.2 +15 49 11.0 RY Herculis 55.4 —19 29 9.81 
S Tauri 23.7 + 9 44 <14.0 V Draconis 56.3 +54 53 9.31 
7? Camelop. 30.4 +65 57 13.0 T Herculis 18 53 +31 0 8.8d 
RX Tauri 32.8 + 8 9 13.0 W Draconis 5.4 +65 56 10.7d 
X Camelop. 32.6 +74 56 11.07 RY Ophiuchi 116 + 3 40 12.0d 
V Tauri 46.2 +17 22 14.0 W Lyrae 11.5 +36 38 9.4d 
R Orionis 53.6 + 7 59 11.27 SV Herculis 22.3 +24 58 11.01 
V Orionis 5 0.8 + 3 58 13.2 T Serpentis 23.9 +6 14 9.31 
R Aurigae 9.2 +53 28 13.5 RZ Herculis 32.7 +25 58 <13.5 
W Aurigae 20.1 +36 39 14.0d X Ophiuchi 33.6 + 8 44 8.8 
S Aurigae 20.56 +34 4 88 RYLyrae 41.2 +34 34 9.8 
S Camelop. 30.2 +68 45 10.2 RW Lyrae 42.1 +43 32 <13.8 
RR Tauri 33.3 +26 19 12.6 RX Lyrae 50.4 +32 42 <13.8 
U Aurigae 35.6 +31 59 12.2 Z Lyrae 56.0 +34 49 13.2 
— Tauri 43.2 +19 2<14 RT Lyrae 57.8 +37 22 <13.8 
Z Tauri 46.7 +15 46 9.8 RAquilae i9 16 +8 5 80d 
U Orionis 49.9 +20 10 9.5d V Lyrae 5.2 +29 30 <14 
V Camelop. 49.4 +74 30 <13.5 RX Sagittarii 8.7 --18 59 13.5d 
Z Aurigae 53.6 +53 18 9.07 RW Sagittarii 8.1 —19 2 §%.2 
X Aurigae 6 4.4 +50 15 12.5d S Lyrae 9.1 +25 50 14.0 
V Aurigae 16.5 +47 45 9.2 RS Lyrae 9.3 +33 15 11.3d 
S Lyncis 35.9 +58 0 <13.5 RU Lyrae 91 +41 8 11.7d 
X Gemin. 40.7 +30 23 11.0 U Draconis 99 +67 7 12.01 
R Lyncis 53.0 +55 28 10.37 W Aquilae 10.0 — 7 13 11.8d 
RS Gemin. 55.2 +30 40 12.0 S Sagittarii 13.6 —19 12 <13.5 
Y Draconis 9 31.1 +78 18 13.8 Z Sagittarii 13.8 —21 7 11.5d 
R Urs. Maj. 10 37.6 +69 18 12.0d T Sagittarii 10.5 —17 9 10.0d 
T Urs. Maj. 12 31.8 +60. 2 13.0 R Sagittarii 10.8 —19 29 9.81 
RS Urs. Maj. 34.4 +59 2 13.2d TZ Cygni 13.4 +50 0 10.6 
S Urs. Maj. 39.6 +61 38 8.07 U Lyrae 16.6 +37 42 10.8 
T Urs.Min. 13 32.6 +73 56 10.6d T Sagittae 17.2 +17 28 9.6d 
R Can. Ven. 44.66 +40 2 7.71 TY Cygni 29.8 +28 € 12.3d 
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Approximate Magnitudes of Variable Stars on Nov. 1, 1909—Con. 


Name. R. A. Decl. Magn. Name. R. A. Decl. Magn, 
1900. 1900 1900, 1900. 
h m “4 Z h m ° , 

RT Aquilae 19 33.3 +11 30 13.17 TWCygni 21 1.8 +29 0O <14 
R Cygni 34.1 +49 58 8.7d X Capricorni 2.8 —21 45 <13.5 
RV Aquilae 35.9 + 9 42 10.7d X Cephei 3.6 +82 40 <13.8 
RT Cygni 40.8 +48 32 12.0d RS Aquarii 5.8 — 4 27 13.0d 
TU Cygni 43.3 +48 49 10.87 Z Capricorni §.8 —16 35 12.5d 
X Aquilae 46.5 + 4 13 10.0d R Equulei 8.4 +12 23 13.3d 
x Cygni 46.7 +32 40 10.5d TCephei 8.2 +68 5 8.ld 
RR Aquilae 52.4 — 2 11 11.3d RR Aquarii 98 — 3 19 10.7d 
RS Aquilae 53.7 — 8 9 13.07 X Pegasi 16.3 +14 2 13.5d 
Z Cygni 58.6 +49 46 13.0d T Capricorni 16.5 —15 35 12.6d 
SY Aquilae 20 2.3 +12 39 12.8 Y Capricorni 28.9 —14 25 <13.5 
S Cygni 3.4 +57 42 9.4 S Cephei 36.5 +78 10 8.3d 
R Capricorni 5.7 —14 34 11.47 RU Cygni 37.3 +53 52 9.0 
S Aquilae 7.0 +15 19 11.4d RR Pegasi 40.0 +24 33 10.17 
RU Aquilae 8.0 +12 42 9.2d V Pegasi 56.0 + 5 38 12.8d 
W Capricorni 8.6 —22 17 <14 _ U Aquarii 57.9 —17 6 11.51 
Z Aquilae 9.8 — 6 27 13.0i RT Pegasi 59.8 +34 38 10.0 
RS Cygni 9.8 +38 28 7.7d T Pegasi 22 4.0 +12 3 13.8 
R Delphini 10.1 + 8 47 10.71 Y Pegasi 6.8 +13 52 11.27 
RT Capricorni 11.3 —21 38 6.7 RS Pegasi 7.4 +14 4 11.51 
SX Cygni 11.6 +30 46 9.5d X Aquarii 13.2 —21 24 13.27 
WX Cygni 14.8 +37 8 10.77 RT Aquarii 17.7 —22 34 12.3d 
U Cygni 16.5 +47 35 7.2d RV Aquarii 21.0 +29 58 10.01 
RW Cygni 25.2 +39 39 8.4 S Lacertae 24.6 +39 48 8.7d 
RU Capricorni 26.7 —22 2 13.21 R Lacertae 38.8 +41 51 14.0 
Z Delphini 28.1 +17 7 9.5dS Aquarii 51.8 —20 53 8.9d 
ST Cygni 29.9 +54 38 14.0d RW Pegasi 59.2 +14 46 11.5d 
Y Delphini 36.9 +11 31 <i2.5 R Pegasi 23 16 +10 O- 8.6d 
S Delphini 38.5 +16 44 10.6 V Cassiop. 7.4 +59 8 11.4d 
V Cygni 38.1 +47 47 13.0 W Pegasi 14.8 +25 44 7.51 
z Aquarii 39.2 — 5 12 13.07S Pegasi 15.5 + 8 22 13.5d 
T Delphini 40.7 —16 2 <14 Z Androm. 28.8 +48 16 10.5d 
V Aquarii 41.8 + 2 4 88 ST Androm. 33.8 +35 13 9.01 
W Aquarii 41.2 4 27 9.5d R Aquarii 38.6 —15 50 10.4 
U Capricorni 42.6 —15 9 11.51 Z Cassiop. 39.7 +56 2 9.51 
V Delphini 43.2 +18 58 14.07 Z Aquarii 47.1 —16 25 88/7 
T Aquarii 44.7 — 5 31 11.5d RR Cassiop. 50.7 +53 8 12.27 
RZ Cygni 48.5 +46 59 10.27 V Ceti 52.8 9 31 12.3d 
X Delphini 50.3 +17 16 13.2d R Cassiop. 53.3 +50 50 1081 
UX C ygni 50.9 +30 2 13.017 Z Pegasi 55.0 +25 21 8.8 i 
R Vulpeculae 59.9 +23 26 9.57 W Ceti 57.0 —15 14 9.1d 
V Capric. 21 1.8 —24 19 9.4d Y Cassiop. 58.2 +55 7 13.6d 


The letter i denotes that the light is increasing; the letter d, that the light 
is decreasing; the sign <, that the variable is fainter than the appended mag- 
nitude. The above magnitudes have been compiled by Mr. Leon Campbell of 
the Harvard College Observatory from observations made at the Vassar 
College, Mt. Holyoke College, Swartz and Harvard Observatories. 





Nomenclature of Recently Discovered Variable Stars. 


Prov. 
Notation Name Position for 1900.0 Prec. 1900 
A. N. R.A Decl. R. A. Decl. 
h mis , ; s ? 
142.1908 TT Cassiopeiae O 4 55 +54 19.: +3.11 +40.33 
2.1909 TU Andromedae o ar Ff +25 28.6 3.15 0.33 
43.1908 RT Sculptoris 0 31 30 —26 13.1 2.98 0.33 
— RX Cephei 0 41 54 +81 25.3 +4.68 +0.33 
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Nomenclature of Recently Discovered Variable Stars.—Continued. 


Motation Name Position for 1900.0 Prec. 1900 
ALN. R. A. Decl, R. A. Decl, 

h m s : Z s 4 
122.1906 RR Ceti i 2 9 + 0 49.7 +3.08 +0.31 
36.1907 SZ Cassiopeiae 2 (9 5&2 59 0.6 4.35 0.27 
8.1909 §S Trianguli 2 2% 22 82 17.4 3.56 0.27 
143.1908 SZ Persei 3 40 44 +34 0.7 3.81 0.19 
204.1907 U Horologii 3 49 36 —46 7.9 1.90 0.18 
17.1908 SY Persei 4 9 1 +50 22.6 4.50 0.16 
69.1907 SX Persei 4 10 12 41 29.2 4.12 0.15 
210.1907 SW Tauri 4 19 15 3 63.3 3.15 0.14 
78.1907 TT Aurigae 5 2 48 39 27.4 4.14 0.08 
45.1908 SZ Aurigae 5 35 2 38 53.2 4.14 0.04 
46.1908 ST Tauri &§ 39 24 13 32.0 3.39 0.03 
47.1908 SU Tauri 5 43 12 19 2.0 3.53 0.02 
48.1908 SV Tauri 5 45 49 28 5.1 3.78 0.02 
50.1908 Z Orionis 5 60 11 13. 40.2 3.46 0.01 
52.1908 RZ Geminorum &§ 56 35 22 14.7 3.62 0.00 
53 1908 RR Orionis & 8&7 16 16 22.3 3.46 +0.00 
54.1908 SS Geminorum 6 2 $2 22 37.9 3.63 —).00 
7.1909 SU Geminorum 6 7 44 27 43 3.77 0.01 
11.1908 RS Orionis 6 16 31 14 43.5 3.42 0.02 
58.1908 V Lyncis 6 20 25 61 37.0 5.54 0.03 
148.1907 TU Aurigae 6 28 14 45 42.0 4.43 0.04 
19.1909 ST Geminorum 7 82 43 34 46 3.93 0.13 
59.1908 RZ Ursae Majoris 8 1 41 65 31.5 5.60 0.17 
151.1907 Z Cancri 8 16 48 18 18.7 338 0.19 
28.1907 RX Ursae Majoris 9 & 87 67 40.5 5.32 0.24 
170.1907 RR Leonis 1U 2 7 24 28.8 3.37 0.29 
42.1907 ST Ursae Majoris 11 22 23 45 44.2 3.30 0.33 
45.1907 SW Draconis 12 12 48 70 4.0 2.87 0.33 
1.1909 RY Ursae Majoris 12 15 40 61 51.9 2.90 0.33 
6.1909 SS Ursae Majoris 18 58 3u 54 56.9 2.13 0.29 
15.1908 RU Bootis 14 41 32 23 44.0 2.69 0.25 
174.1907 SX Herculis 16 3 15 +25 10.6 2.52 0.16 
115.1908 SW Ophiuchi 16 11 6 — ¢ 43:35 3.21 0.15 
116.1908 SX Ophiuchi 16 12 34 6 24.9 3.21 0.15 
117.1908 X Serpentis 16 14 3 — 2 15.4 3.12 0.15 
177.1907 SY Herculis 16 57 15 22 36.7 2 54 0.09 
141.1908 SY Draconis 17 31 49 54 O 1.25 0.04 
174.1908 SZ Herculis i? 32 67% +38 0:7 2.21 0.03 
160.1908 SZ Sagittarii 17 39 + —18 36.8 3.52 0.03, 
18.1908 SY Scorpii 17 4¢ 160 84 22:6 3.99 —0.02 
17.1909 SX Draconis 3 «2 2 +58 19.% 0.91 +0.00 
26.1908 SY Sagittarii is 4 48 —-23 422 3 66 0.01 
26.1900 Z Vulpeculae $9 27 32 +25 23.1 2.47 0.11 
165.1908 TT Sagittarii 19 19.7 —230 18 3.54 0.11 
283.1904 AC Cygni 20 9 53 +49 8.9 Lge 0.18 
1211907 RR Vulpeculae 20 50 32 27 32.3 2.56 0.23 
127.1908 RW Aquarii 21 17 58 O 24.4 3.08 0.25 
122.1907 AB Cygni 21 82 26 31 39.2 2.58 0.27 
13.1908 RT Lacertae 21 Gt 27 43 24.5 2.43 6.29 
10.1908 RS Lacertae 22 8 41 43 16 2.49 0.30 
130.1907 SS Pegasi 22 29 14 24 2.5 2.84 0.31 
131.1907 RZ Cephei 22 35 43 64 19.9 2.07 031 
135.1907 ST Pegasi 22 44 19 26 49.7 2.85 0.32 
16.1909 RU Lacertae 22 52 0 47 56 2.64 0.32 
12.1908 TV Andromedae 22 53 30 42 12.1 2.73 0.32 
4.1909 RY Cephei 23 18 3 78 24.7 1.89 0.33 
12.1909 SU Pegasi 23 32 0 +382 8 2.97 +0.33 
19.1908 Nova Scorpii 2 17 47 28 —84 19.7 +3.98 —0.02 
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Nomenclature of Recently Discovered Variable Stars.—Part II. 


Provis. 
Notation Name Chart Place Magnitude 
A.N. R.A Decl. Max. Min 
h mis m m 
142.1908 TT Cassiopeiae 0 2 36 +54 4.4 9.5 14 Vv 
2.1909 TU Andromedae O- 24 46 +25 13.7 9 12 ph 
43.1908 RT Sculptoris 0 30 15 —26 21.4 9.6 10.5 ph 
— RX Cephei 0 38 28 81 10.5 7. 7.9 wv 
122.1906 RR Ceti 24 41 0 35.7 8.3 9.0 yv 
36.1909 SZ Cassiopeiae 2 36 37 8 48.2 9.6 10.5 v 
8.1909 § Trianguli 2 18 42 32 Cé«S.1 10 12.5 ph 
143.1908 SZ Persei 3 S37 5&2 33. «62.0 9.5 10.5 vy 
204.1907 U Horologii 3.48 48 46 12.4 8.5 11.0 ph 
17.1908 SY Persei 4 5 39 50 15.5 8.8 11.5 v 
69.1997 SX Persei 4 7 7 41 22.3 10.3 — Vv 
210.1907 SW Tauri 4 16 53 3 46.8 8.6 9.5 v 
78.1907 TT Aurigae 4 59 42 39 23.6 7.8 8.7 v 
45.1908 SZ Aurigae 5 31 56 38 51.5 9.5 12 ph 
46.1908 ST Tauri 5 36 51 13 30.6 8.5 94 ph 
47.1908 SU Tauri 5 40 33 19 0.9 10.0 <15 ph 
48.1908 SV Tauri 5 42 59 28 4.1 9.4 11.0 ph 
50.1908 Z Orionis 5 47 38 13 39.4 9.7 i0.7 ph 
52.1908 RZ Geminorum 5 63 52 22 14.5 9.8 11.4 vy 
53.1908 RR Orionis § 54 40 16 22.1 9.5 12 ph 
54.1908 SS Geminorum 5 59 49 22 37.9 8.4 9.1 y 
7.1909 SU Geminorum 6 4 54 27 43 10 <125 ph 
11.1908 RS Orionis 6 18 5&7 14 44.5 7.0 8.5 vw 
55.1908 V Lyncis 6 16 16 61 38.2 8.6 9.4 y 
148.1907 TU Aurigae 6 24 55 45 43.8 ey 8.6 v 
19.1909 ST Geminorum 7 29 46 34 52 9 11.5 ph 
59.1908 RZ Ursae Majoris 7 6a ‘° 28 65 39.0 8.8 10.0 y 
151.1907 Z Caneri 8 14 16 aS 27.1 8.5 9.2 v 
28.1907 RX Ursae Majoris 9 1 36 67 51.3 10.5 13 Vv 
170.1907 RR Leonis 9 59 36 24 41.9 9.1 10.0 yv 
42.1907 ST Ursae Majoris 11 19 54 45 59.0 6.7 72 
45.1907 SW Draconis 12 10 38 70 19.0 8.8 9.6 ph 
1.1909 RY Ursae Majoris 12 13 29 62 4.9 i 8.1 vy 
6.1909 SS Ursae Maloris 13 56 54 55 10.0 10 <i7 ph 
15.1908 RU Bootis 14 39 3 23 55.5 128 14.3 ph 
174.1907 SX Herculis 16 1 21 25 18.0 8.1 8.9 vy 
115.1908 SW Ophiuchi 16 8 42 — 6 36.8 9.2 10.0 ph 
116.1908 SX Ophiuchi 16 10 10 6 18.1 10.5 11.2 ph 
117.1908 X Serpentis 16 11 45 2 8.6 8.9 14.5 ph 
177.1907 SY Herculis 16 55 20 +22 40.8 83 10.6 y 
141.1908 SY Draconis 17 30 53 54 2 9 ee ph 
174.1908 SZ Herculis 17 34 18 +33 «2.3 9.5 10.3 vy 
160.1908 SZ Sagittarii 17 36 26 18 35.3 8.5 9.8 ph 
18.1998 SY Scorpii 17 45 31 34 22.1 Ss <9 ph 
17.1909 SX Draconis 18 1 44 58 19.6 9 11 ph 
26.1908 SY Sagittarii 18 3 16 —23 42.3 9.5 10.2 ph 
261900 Z Vulpeculae 19 15 40 +25 18.2 7.0 8.0 y 
165.1008 TT Sagittarii me «67.3 20 23 9.3 12.5 ph 
283.1904 AC Cygni 20 8 32 +49 0.8 9.2 10.0 ph 
121.1907 RR Vulpeculae 20 48 37 at 22.2 9.6 11.0 y 
127.1908 RW Aquarii 21 15 40 0 13.0 95 <12.5 x 
122.1907 AB Cygni 21 30 20 31 27.2 7.3 RS v 
13.1908 RT Lacertae 21 55 38 43 11.6 8.7 9.7 vy 
10.1908 RS Lacertae 22 6 49 43 3 9 11.5 y 
130.1907 SS Pegasi ae at 6 23 48.6 10 <13 Vv 
131.1907 RZ Cephei 22 34 10 64 5.8 8.8 9.7 v 
135.1907 ST Pegasi 22 42 10 26 35.5 8.8 9.6 ph 
16.1909 RU Lacertae 22 50 1 47 42 10 <12 ph 
12.1908 TV Andromedae 22 §1 27 41 57.7 9.5 10.5 ph 
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Nomenclature of Recently Discovered Variable Stars. Part II.— 


Continued. 
Provis. 
Notation Name Chart Place Magnitude 
A. N. R. A. Decl. Max. i 

h mis : “ m m 
4.1909 RY Cephei 23 16 39 78 9.9 9.5 11.5 ph 
12.1909 SU Pegasi 23 29 47 +31 53 10 12 ph 
19.1908 Nova Scorpii 2 27 45 48 —34 19.2 8.8 — ph 





Variable W Pegasi.—The following cablegram has been received at this 
from Kiel. ‘Variable W Pegasi, now at maximum, deserves investigation for 
bright lines. Hartwig.” 

Note: Photographs of the spectrum of this variable, taken in 1892, 1897, 
1899, 1905 and 1908 with the Draper telescope at Harvard, show that the 
spectrum has bright lines, and resembles that of o Ceti. Additional photo- 
graphs will be taken on the next clear evening. The character of the spectrum, 
from observations by Mrs. Fleming, was published in Harvard Annals 55. 

Astronomical Bulletin, No. 368, 

Harvard College Observatory, 
Cambridge, Mass., Nov. 10, 1909. 





Variable u Herculis.—In A. N. 4363 Mr. 3. Enebo gives a light curve 

for this star resembling that of 8 Lyrae and the following elements 
Minimum = J. D. 2416538.46 Gr. m. t. -+24.05102 E. 

The range of magnitude appears to be between 5.16 and 5.64 while the sec- 
ondary minimum is at magnitude 5.34. The entire light change requires 
4.10204 days. 

The star is a spectroscopic binary with same period 2.05102 days. (See 
Pub. Allegheny Obs., Vol. I. No. 11.) The position of the star for 1900.0 is 

R. A. 175 18™ 38°, Decl. +33° 12’.5. 





Variable RZ Lyrae.—In A. N. 4363 Mr. A. A. Nijland of Utrecht gives 
the following new elements of this star which is of the cluster type : 


Maximum = J. D. 24184504.233 + 04.5112750 E. 





Variable RW Ursae Majoris.—Mr. Nijland also gives the following 
elements of RW Ursae Majoris : 
Minimum = J. D. 2418525°.72 G. m. t. +-74.3243 E. 


This star is of the Algol type and its range of magnitude is from 10.2 to 11.2. 





GENERAL NOTES. 





Dr. Swift saw Halley’s comet in 1835. Dr. Lewis Swift of Mara- 
thon, New York, is one of the very few living astronomers who saw, and who 
now remembers well the appearance of Halley’s comet when it was such a 
large, beautiful and brilliant object to the naked eye in the year of 1835. We 
have asked him, if he is able, to give this publication his impressions of that 
wonderful celestial visitor, as it appeared to him 74 years ago. 
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We earnestly hope that Dr. Swift may live, and have eye-sight to see the 
same comet next year, as it comes very near us again. Probably no sight in the 
nightly skies could possibly give him more satisfaction or delight. 





Astronomical Work at Mare Island. We understand that the Naval 
Observatory at Mare Island which was established in the eighties, is being 
improved by the addition of a room for the new Brosch-Omori Seismograph, 
and by the remounting of the five-inch Clark Equatorial. These improvements 
are preliminary to the re-building and enlargement of the observatory, which 
has been in contemplation for sometime. Professor See is largely occupied with 
the publication of the second volume of his Researches on the Evolution of the 
Stellar Systems, of which the first volume appeared in 1896. It is understood 
that all his latest researches on the origin of the heavenly bodies will be 
embodied in the new work. 





The Conjunction of Mars with the Moon, Sept. 28, 1909. Thou- 
sands of persons observed, from the beautiful valley of Mexico, on the evening 
of Tuesday, September 28th, 1909, that a reddish star was very close to the 
Moon, like a loving youth who approaches tenderly to the queen of his soul. 
That reddish planet, which color made a great contrast with the yellowish 
paleness of the Moon, was Mars, mysterious body where there may exist a 
life similar to ours. The Moon was full and, besides, was in perigee, so the 
satellite of the Earth sent in great quantity its silvery rays, which seemed to 
involve the ruddy planet, symbol of war. 








The weather was very fine, not a single cloud was seen in the sky and neither 
did a soft breeze perturb the quietness of the atmosphere. Both the Moon and 
Mars were in the constellation of Pisces. To the naked eye Mars looked, com- 
pared with the Moon like a very small body, which shone asa star of the first 
magnitude. 

When I observed with admiring eyes the conjunction of Mars with the Moon, 
Icould not help thinking of Kepler, who, using the Mars observations made 
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by Tycho Brahe, discovered the important laws which rule the harmonious 
movements of the planets in their revolutions around the Sun. 
Mexico, Oct. 2, 1909. Luis G. LE6n, 


Director of Observatory ‘‘Galileo.”’ 





The Astronomical Journal. From a circular recently received from 
Professor Lewis boss, director of Dudley Observatory, Albany, N. Y,. we learn 
that the Astronomical Journal is likely to change hands, so far as editorial 
management and publication are concerned. 

From the circular it appears that Dr. S.C. Chandler who has, for years, 
ably and successfully managed the publication of the Journal has agreed to turn 
over the editorial control of it to Professor Boss which means the publication 
will be done at Dudley Observatory in the future. 

The further purpose of the circular seems to be to solicit the opinions of 
leading astronomers of the country as to the advisability and the feasibility of 
carrying out the contemplated changes, emphasizing mainly the point of sup- 
port by astronomers who will become contributors to its columns. The mat- 
ter of financial support does not seem to be in question at all, either from the 
experience of the past or from a reasonable probability of the future. 

We have been greatly interested in the contents of this circular, and we have 
written briefly to Professor Lewis, saying, in substance, that it would be a 
great misfortune to astronomy if the Astronomical Journal should cease to 
exist.. We have also said that if the control of the publication is to leave the 
skilltul hand of Dr. Chandler, we do not know where it could have better 
supervision than that which would be faithfully given to it by the large ex- 
perience and unquestioned ability of Professor Lewis Boss of the Dudley Obser- 
vatory. We even urge Professor Boss to consider this proposition favorably 
and to give to that publication for years to come, the best fruit of a ripened 
scholarship in astronomy that the older astronomers know he possesses. There 
is great need, to-day, of just such work, in mathematical astronomy, as he and 
that publication can do. The outlook in this direction is now lamentably 
weak, and it must soon be remedied, or the fnndamental problems, in astron- 
omy, yet unsolved will not be mastered in the next generation as they otherwise 
might be. 





Motion of Neptune’s Satellite. In Vol. 29, part 6, No. 33 of the 
Proceedings of the Royal Society of Edinburgh, sessions 1908-1909, will be 
found an important paper on the motion of Neptune’s satellite, by David Gibb. 
The historical part and the graphical part are so helpful generally that we 
give them in the words of the author in full, as follows :— 

1. NEpTuNE’s satellite was discovered by Mr. Lassel of Liverpool in 1846, 
This satellite differs from the other planets and satellites, except those of 
Uranus, in the direction of its motion, which is from east to west. After the 
satellite had been observed for a few years, it was pointed out by Mr. Marth 
that the node and the inclination of its orbit were slowly changing. Those 
changes were explained by Jisserand and Newcomb as arising from the 
spheroidal shape of Neptune. The observations prior to 1892 have been dis- 
cussed by Dr. Struve in the Mémoires de I’ Académie Impériale des Sciences de 
St. Pétersbourg, viit série, tome xlii. No. 4. Since then a large number of valu- 
able observations have been made at American observatories, especially bv 
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Professor Barnard, and at Greenwich Observatory. The former were obtained 
visually with a position micrometer, the latter from photographs. Some of the 
American observations have already been discussed by Mr. Hall A. j., (xii. 22, 
xix. 65), Mr. Brown (A. J. xx. 134), and Professor See (A. N., 153), and the 
Greenwich observaticns are discussed in the Monthly Notices (vols. lxv. and 
Ixviii) by Professor Dyson and Mr. Edney. In this paper I propose to discuss 
some of the visual observations made since 1892. Since 1899 the Connais- 
sance des Temps has given tables which facilitate the calculation of the ephem- 
eris of the satellite. These tables are based on the elements of Dr. Struve. As 
no such tables are published previous te the above date, I have formed them 
from 1892 to 1898 inclusive, using the same eletnents. 

dl 


12. Graphical Solution.—The equation tan y [dN ™a@y be written in 


~ sin 
the form 





d (lox tang ) 


dN 


taa yy = 


I 
Plotting the values of log tan = and N as ordinates and abscissae, we ob- 
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tain the following graph, in which the curvature is evident :— 
d(iog tan 1) 
The values of aN — derived from this graph for the epochs 1874.0 
and 1890.4 are 1.40 and .94, which are the tangents of the angles 54°.5 and 


43°.2. Comparing these with the values of ¥ already calculated, we have : 


1874.0 1890.4 
(Graphic) 54°.5 43°.2 
(Calculated) 52 .6 41 .9 


The agreement is as close as could be expected. The curvature confirms the 
result already obtained, viz. that ¥, the distance between the nodes of the 
orbit on Neptune’s and on the Earth’s equators, is becoming smaller. 





Gaertner’s Coelostat. While at the shops of William Gaertner & Co., 
5345-49 Lake Ave., Chicago, recently we were interested in what was being made 
there in the line of astronomical and physical instruments. We have not space 
to speak of the various pieces of apparatus that are now in process of making, 
but we are especially interested in the form of the coelostat that Mr. Gaertner 
now makes. This form of instrument may interest some practical astronomers 
who have not seenit. So we reproduce a cut of it with a brief description. 





The rotating mirror has a diameter of 30 cm. and is carefully mounted. 
The driving clock is placed in a dust-proof case, it has ample power and is 
fitted with a friction governor. The worm sector is accurately cut and is of suf- 
ficient length to allow a run of several hours without resetting. Clock and 
mirror frame are mounted together on a heavy iron base which is fitted with 
adjusting screws. An independent adjustment for latitude is provided for 
the mirror. 

The fixed mirror has a diameter of 25 cm., and is mounted on a heavy iron 
pillar which slides on a bed plate of 120 cm. length. The fine adjustments of 
the mirror are given by two worm sectors and worm screws. 
These instrument makers furnish coelestats of any size desired. 
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The Future of Astronomy. In that admirable address delivered at 
the last commencement of the Case School of Applied Science by Professor E. C. 
Pickering, director of Harvard College Observatory, Cambridge, Mass., and 
published in the August number of Popular Science Monthly, some very useful 
and timely things are said. We would have called attention to this, in this 
publication sooner, if our absence from the accustomed place had not given us 
a belated copy of it which has just reached us. 

Among the good things found therein we notice especially one that seems to 
us to beof first importance regarding the future of Astronomy, and that is the 
need of educating astronomers. On this point Professor Pickering says: 
“There are many observatories where excellent instruction in astronomy is 
given, either to the general student, or to one who wishes to make it his 
profession. At almost any active observatory a student would be received as a 
volunteer assistant. Unfortunately few young men can afford to accept an 
unpaid position, and the establishment of a number of fellowships each offering 
a small salary sufficient to support the student would enable him to acquire 
the necessary knowledge to fill a permanent position. The number of these 
scholarships should not be large, lest more students should undertake the work 
than would be required to fill the permanent paying positions in astronomy as 
they become vacant.” 

These are very pertinent suggestions in the ways and means by which a 
supply of trained young men for astronomical work may be kept up with the 
need of them as it comes. 

The thorough scholar in practical and theoretical astronomy cannot be 
made of the ordinary grade of mental material in its first stages. So we had 
not anticipated a harmful over supply in number of able, well trained young 
men under the best of attractive conditions in support for all needed prepara- 
tion. The fact is there are now so many scholarships offered in all lines of 
scholarly scientific research that bright students are discussing the merits of 
the different lines, and too often going into those which can most easily and 
quickly be acquired. 

Astronomy is often not chosen because its preparation means long, hard 
diligent and painstaking study and work to become efficient in any of its many 
branches. Young people generally in the present ways of preparation are not 
looking for severe trials and systematic tests of the mental fiber to fit them 
for high places of usefulness in science. They may, in some instances, risk it for 
a time, to get on some prominent football team, 


yr to stand high up in social 
tank in the eyes of many people, but it is only the select few who are willing 
and anxious to work long hours in the dark, and to spend much time severely 
alone for independent mastery of new and old problems in science that they 
must know for themselves before they can use the priceless knowledge that such 
work always brings. It may seem a pity that all this is true, but nevertheless, 
we believe it is true, and very wisely so in most, if not all, the great fields of 
pure and applied science. 





The Story of the Comets. As might be expected great interest would 
be awakened in the public mind when it would be generally known that the 
return of Halley’s comet was at hand. The wide-spread interest in the ap- 
pearance again of this memorable comet doubtless had some influence in bring- 
ing out this new book on comets by that well-known writer George F. 
Chambers, F. R. A. S., whose distinguished services in the literature of astron- 
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omy are attested by his excellent Handbook of Astronomy to be found in many 
of the public and scientific libraries in America, and for all we know even the 
world over. The new book is certainly a timely one, by a writer amply 
qualified to tell a story of the comets in a way to interest the general reader. 

This new book is modeled on the comet chapters of Chamber’s Handbook of 
Astronomy, but every line has been re-written, altered and corrected, so as to 
adapt the account to the present state of knowledge in this wonderful branch 
of astronomy. 

In the preparation of the work we notice that the author has had the 
advice and assistance of such astronomers as A. C. D. Crommelin of the Royal 
Observatory, Greenwich, England; W. E. Rolston of the Solar Physics Obser- 
ratory, South Kensington; Professor H. H. Turner of Oxford; in America, 
E. E. Barnard of Yerkes Observatory, and Professor Morehouse of Des Moines. 

Those of our readers who have seen the Handbook of Astronomy already 
referred to, will easily anticipate, in the main, the contents of this new volume. 

It may be sufficient to say that its chapters are concerned with general 
remarks about comets, their physical description, their trains, the movements 
of them, the discovery and identification, periodic comets, or those of short 
periods, lost comets, long period comets, Halley’s comet, remarkable comets, the 
orbits of comets, comets in the spectroscope, the relation of comets to meteors, 
cometary statistics, appendices, and a general index. 

The volume contains 256 pages, same size and style of the Handbook and is 
printed at .Oxford, England, at the Clarendon Press. Its price is six shillings 
net. It is finely and tylly illustrated. From the inquiries that have already 
come to us fora book of this kind, we think it will have a considerable sale in 
America. It is certainly a meritorious work and deserves the attention it is 
sure to get on this side of the sea. 

Very naturally one’s attention is soon drawn, in a review of tke book, to 
the full chapter in it given on Halley’s comet, to learn what the author has to 
say about it. Here is an account of this most remarkable and interesting of 
the periodic comets covering twenty-four pages. In the beginning of the 
chapter is a fine full page plate of Edmond Halley, whose name the comet bears, 
not because he discovered it, but because he computed its long path through the 
star depths covering a period of seventy-six years, the first great triumph of the 
mathematician and the astrenomer in determining the orbits of these celestial 
visitors when they come into the solar system by the Sun and the planets 

Then follows an interesting run of historical detail and illustration that is 
in most respects more complete than that graphic aecount of the early history 
of this comet that is given in Watson’s “Comets” with which older astrono- 
mers are doubtless very familiar. In all this Mr. Chambers has done very well, 
and his many readers will appreciate the pains and care taken in collecting and 
arranging the matter so easily and widely accessible to him. 

While visiting Mr. Barnard at the Yerkes Observatory, Williams Bay, Wis- 
consin, only last week, it was doubly interesting to see this new book for the 
first time, as we were looking at the new photographs which Mr. Barnard had 
secured very nearly at the time of the return of Halley's comet when it was 
first seen in Europe and since that time. 

Of the distinctness and the certainty of the comet’s head although not having 
probably a stellar magnitude greater than the 16th, there could be no doubt 
but rather certainty that the writer was looking at the fresh, new picture of that 
old, old comet that now has such a fascinating history for myriads of people 
who were not born when that great comet visited us the last time in 1835. 
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Much more might be said about the leading features of this book, but doubt- 
less enough is given for the guidance of any reader who may be interested in 
knowing more about the book or may wish to be a possessor of it. 





Burnham’s Recent Double Star Measures. S. W. Burnham of 
Yerkes Observatory is continuing his work in getting needed measures of cer- 
tain double stars since the publication of his great general catalogue. The con- 
siderable work that he has done since, has been printed in the Astronomische 
Nachricten, Nos. 4209, 4261, 4301-02, and the last installment printed in Nos. 
4353-54 of September last covers fourteen of the quarto pages of the numbers 
last named. 

In connection with the measures last published Mr. Burnham says, ‘“‘the 
working list has been made up of stars where measures are most needed, and 
important at this time, or will become so hereafter. Comparatively few of the 
components of Struve or Otto Struve pairs require any attention at the present 
time; and careful measures at long intervals of those systems not in rapid mo- 
tion will serve every practical purpose. There are many other stars about 
which little or nothing is known, especially concerning their proper motions, 
It should be the aim of observers to avoid as far as possible the duplication of 
measures, and not use time, much needed elsewhere in:observing pairs whose 
relative motions are fairly well understood.” 

These suggestions are so important in double star work that the experi- 
enced and the inexperiénced observers will do well to bear them in mind. It 
would seem that such a hint on our part, would scarcely be proper to make 
for the eye of experienced double star observers. It is true, however, that some 
such are doing this kind of work at odd spells, very irregularly as opportunity, 
now and then, comes for it. It is possible to do good and useful work on 
double stars, even under such circumstances if it is rightly planned for before- 
hand. Taking good care of minutes and hours: in this way will richly pay 
in time. 





The Forty-Inch Reflector at Lowell Observatory. While at the 
Yerkes Observatory, a few days ago, we had the pleasure of meeting Mr. 
Lundin, son of the one by the same name, now in charge of the shopsat Cambridge, 
Mass,, so long and well-known under the name of Alvan Clarke and Sons. The 
younger Lundin is now associated with the father in carrying on the work of 
telescope-making at the shops, and at this time was just returning from Flag- 
staff, Arizona where he had been to set up the large mirror in the Lowell 
Observatory. 

This new mirror has some features of its mounting and make that are un- 
usual, and astronomers who use the large reflecting telescope will be interested 
to know how these changes and supposed improvements which are intended to 
keep the figure of the mirror undisturbed will really work out. The great 
trouble with large reflecting mirrors is the difficulty of avoiding strain which 
distorts the very delicate figure of the reflecting surface, or the changes of 
temperature, or the effect of the change of the mirror in position in its ordinary 
use. Great care must be used constantly in the handling of such telescopes, or 
the changed state of the surface of the mirror will make them worthless, for 
the time being, and until the integrity of figure can be regained. We understand 
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the mirror is to be thicker than usual to help to avoid this flexure; that the 
mirror is to be supported near its outer edge by an iron ring with blocks of zine, 
so arranged as to avoid strain on the reflecting surface of the mirror during 
changes of temperature. The mounting has the two ends of the polar axis 
supported by concrete pillars in the meridian. The telescope tube is provided 
with trunions which are set in a rectangular frame-work in the polar axis giving 
in that way all needed equatorial motion and treedom for that kind of work. 
The driving-clock apparatus is operated by electric motors which secure the 
slow motion and the ordinary following. The focal length of this new mirror 
is eighteen feet and four inches. 

The astronomical work that Mr. Lowell has planned it for is the photog- 
raphy of planets and of the nebulae and the stars. While on the difficult task 
of photographing the planets (because their images are so small at ordinary 
focal distances) Mr. Lowell has planned to use secondary mirrors to make his 
telescope in effect a Cassegranian reflector, having a focal length of seventy- 
five feet or of one hundred and fifty-four feet as he may desire. 

With such a plan for astronomical work as this, in the fine observing posi- 
tion of Flagstaff, it is to be hoped that Mr. Lowell will have his highest ex- 
pectations met in these important lines of work which are among the most 
important ones engaging astronomers with large telescopes at the present time. 

Mr. Lundin reports progress very favorable so far, although some hin- 
drances have caused regretted delay. 





Winnecke’s Copy of the Bonn D. Charts. Father Hagen writes 
from the Vatican Observatory that he would like to know who “bought Win- 
necke’s copy of the Bonn D. Charts? They were sold by a Leipzig Antiquarian 
to America. Professor Hartwig told us at the Astronomical Congress of 
Vienna that he is in charge of Winnecke’s observations of variable stars, and 
finds no record for identifying the comparison stars. Probably they were all 
marked on the charts.’’ If any one can help towards discovering Winnecke's 
copy, please communicate with us or with Professor Edward C. Pickering, 
Harvard College Observatory, Cambridge, Mass. 





Announcement of Astronomical Discoveries. No change has 
been made in the plans of this observatory tor the transmission of astronomical 
announcements, statements to the contrary notwithstanding. All announce- 
ments of astronomical discoveries and observations, which are of vaiue and 
require immediate transmission, if received here, are cabled at once to Kiel, and 
telegraphed at cost to all who desire to receive them. A similar distribution ot 
these messages, and of others in which haste is not imperative, is made by mail, 
without charge, to those who make use of them. 

Harvard College Observatory, EpWARD C. PICKERING, 

Cambridge, Mass., Nov. 15, 1909. Director. 





Lowell Observatory, by an arrangement with the Centrale Stelle, Kiel, 
has been made the telegraphic distributing center for planetary news in America. 











